Linear programming models applied to interregional competition of grain transportation and production by Koo, Won Whe
Retrospective Theses and Dissertations Iowa State University Capstones, Theses andDissertations
1974
Linear programming models applied to
interregional competition of grain transportation
and production
Won Whe Koo
Iowa State University
Follow this and additional works at: https://lib.dr.iastate.edu/rtd
Part of the Economics Commons
This Dissertation is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at Iowa State University
Digital Repository. It has been accepted for inclusion in Retrospective Theses and Dissertations by an authorized administrator of Iowa State University
Digital Repository. For more information, please contact digirep@iastate.edu.
Recommended Citation
Koo, Won Whe, "Linear programming models applied to interregional competition of grain transportation and production " (1974).
Retrospective Theses and Dissertations. 6285.
https://lib.dr.iastate.edu/rtd/6285
INFORMATION TO USERS 
This material was produced from a microfilm copy of the original document. While 
the most advanced technological means to photograph and reproduce this document 
have been used, the quality is heavily dependent upon the quality of the original 
submitted. 
The following explanation of techniques is provided to help you understand 
markings or patterns which may appear on this reproduction. 
1.The sign or "target" for pages apparently lacking from the document 
photographed is "Missing Page(s)". If it was possible to obtain the missing 
page(s) or section, they are spliced into the film along with adjacent pages. 
This may have necessitated cutting thru an image and duplicating adjacent 
pages to insure you complete continuity. 
2. When an image on the film is obliterated with a large round black mark, it 
is an indication that the photographer suspected that the copy may have 
moved during exposure and thus cause a blurred image. You will find a 
good image of the page in the adjacent frame. 
3. When a map, drawing or chart, etc., was part of the material being 
photographed the photographer followed a definite method in 
"sectioning" the material. It is customary to begin photoing at the upper 
icfi liôiiu Ouii'ici oT à îdryê ïiicêi aiiii iu uuiiiiilUB pnutuing from ieft to 
right in equal sections with a small overlap. If necessary, sectioning is 
continued again — beginning below the first row and continuing on until 
complete. 
4. The majority of users indicate that the textual content is of greatest value, 
however, a somewhat higher quality reproduction could be made from 
"photographs" if essential to the understanding of the dissertation. Silver 
prints of "photographs" may be ordered at additional charge by writing 
the Order Department, giving the catalog number, title, author and 
specific pages you wish reproduced. 
5. PLEASE NOTE: Some pages may have indistinct print. Filmed as 
received. 
Xerox Unsverssty f.lscrofslms 
300 North Zeeb Road 
Ann Arbor, Michigan 481 OS 
I 
I 
74-23,743 
K30, Won Whe, 1940-
LINEAR PROGRAMMING MODELS APPLIED TO 
INTERREGIONAL COMPETITION OF GRAIN 
TRANSPORTATION AND PRODUCTION. 
Iowa State University, Ph.D., 1974 
Economics, general 
University Microfilms, A XEROX Company, Ann Arbor, Michigan 
THIS DISSERTATION HAS BEEN MICROFILMED EXACTLY AS RECEIVED. 
Linear programming models applied to interregional competition 
of grain transportation and production 
by 
Won Whe Koo 
A Dissertation Submitted to the 
Graduate Faculty in Partial Fulfillment of 
The Requirements for the Degree of 
DOCTOR OF PHILOSOPHY 
Major: Economics 
Approved : 
In Charge of Major Work
For tme Major Department
ite Ccrllec For - he Gradua f ge 
Iowa State University 
Ames, Iowa 
1974 
Signature was redacted for privacy.
Signature was redacted for privacy.
Signature was redacted for privacy.
ii 
TABLE OF CONTENTS 
Page 
CHAPTER I. INTRODUCTION 1 
Problem Statements 1 
Previous Studies 4 
The Present Study 6 
Objective 6 
Methodology 7 
CHAPTER II. MODEL DEVELOPMENT 12 
Verbal Description of the General Model 12 
Producing regions 12 
Consuming regions 19 
Time periods 24 
Activities included in the model 25 
Crop production activiites 25 
Transportation activities 25 
Railroad 26 
Water 28 
Truck 33 
Constraints included in the model 34 
Land constraints 34 
Demand constraints 34 
Wheat requirements 34 
Feed grain requirement 35 
Soybean requirements 35 
Cotton requirements 35 
Balance constraints 35 
Bounds 36 
The Mathematical Model 36 
Notation 36 
The model expressed algebraically 39 
Nature of the Solution 44 
Limitations of the Model 45 
iii 
Page 
CHAPTER III. DATA COLLECTION 47 
Transportation Cost 48 
Handling costs 48 
Adjustment for feed grain, wheat, and soybeans 49 
Cost of Shipping Grain by Truck 53 
Regional differences in trucking costs 54 
Trucking costs in the midwest 58 
Total cost 58 
Trucking costs allocated to time 58 
Trucking costs allocated to mileage 61 
Adjustments for feed grain, wheat, and soybeans 
including handling charges 64 
Cost of Shipping Grain by Railroad 66 
Adjustment for single rail car 71 
Adjustments for multiple rail car 77 
Alternate rail cost adjustments 79 
Adjustments of 1969 costs to reflect wage-price level changes 
changes 80 
Adjustments for feed grain, wheat and soybeans in­
cluding handling charges 82 
wu. oixxppxii^ uxaxii vxa xiixaiiu mraCcxwaya oo 
Fixed barge transportation cost 87 
Barge investment cost 87 
Switching and fleeting costs 94 
Other barge costs 97 
Variable cost for barge transportation 99 
Adjustments for feed grain, wheat and soybeans in­
cluding handling charge 101 
Crop Production Cost and Yields 105 
Yield estimation 105 
The estimation of crop yield for the 31 eastern states 107 
The estimation of crop yield for the 17 western states 109 
iv 
Page 
Estimation of production cost for crop activities 112 
Fertilizer cost 113 
Capital cost 114 
Labor cost 117 
Cost of irrigation 119 
Miscellaneous cost 119 
Adjustment for yield and production cost for feed grain 120 
Demand Requirements 121 
Grain demand for livestock 122 
National grain demand for livestock 122 
The number of grain consuming animal units per 
pound 124 
The demand for livestock demand 125 
Distribution of livestock grain demand among con­
suming regions and time periods 130 
Wheat fed to livestock 138 
Demand for grain for food and industrial use 142 
National food and industrial demand for grain 142 
Distribution of food and industrial demand for 
grain among consuming regions and time periods 145 
Projected export demand for grain 151 
Projected domestic and export demand for cotton 153 
Production outside the producing regions 153 
Land Constraints and Crop Production Bounds 154 
Land constraints 154 
Crop production bounds 155 
CHAPTER IV. PRESENTATION AND INTERPRETATION OF THE RESULTS i57 
Grain Transportation 158 
Analysis of the basic models (Model I and Model II) 159 
Model I: Single-car rail system 162 
Wheat 163 
Feed grain 164 
V 
Page 
Soybeans 173 
Model II: 50-car rail system 174 
The quantities of grain hauled 177 
Grain transportation costs 179 
Grain traffic 179 
Grain flows 181 
Whoat 181 
Feed grain 182 
Soybeans 183 
Sensitivities in rail and water transportation (Models 
III, IV, V and VI) 187 
Grain transportation costs 190 
Price and cross elasticities based on quantity 
of grain 190 
Price and cross elasticities based on the ton-miles 
of grain traffic 195 
Interregional flows of grain 199 
Model III: 10 percent increase in rail 
transportation cost 199 
Wheat 199 
Feed grain 200 
Soybeans 201 
Model IV; 20 percent increase in rail trans­
portation cost 205 
Wheat 205 
Feed grain 207 
Soybeans 208 
Model V; 10 percent increase in barge transporta­
tion costs 203 
Wheat 212 
Feed grain 212 
Soybeans 213 
vi 
Page 
Model VI: 20 percent increase in barge costs 217 
Wheat 217 
Feed grain 220 
Soybeans 220 
Changes in cost structure (Model VII) 224 
The quantities of grain hauled 224 
Grain transportation costs 224 
Grain traffic 225 
Interregional flows of grain 226 
Wheat 226 
Feed grain 228 
Soybeans 228 
Comparative advantage between ports for grain export 
(Model VIII, Model IX, and Model X) 231 
Model VIII; Reassignment of 10 percent of the Gulf 
export demand to Seattle 233 
Quantity of grain hauled 233 
Transportation cost 234 
Grain traffic 234 
Interregional grain flows 235 
Wheat 235 
Feed grain 237 
Soybeans 238 
Model IX: Reassignment of 25 percent of the Gulf 
export demand to Seattle 244 
The quantity of grain hauled 244 
Grain traffic 245 
Interregional flows of grain 247 
Wheat 247 
Feed grain 250 
Soybeans 254 
Model X: 25 percent increase in grain exports 259 
vii 
Page 
The quantity of grain hauled 260 
Grain transportation cost 260 
Grain traffic 260 
Interregional flows of grain 261 
Wheat 261 
Feed grain 264 
Soybeans 268 
Comparison and Summary of Ten Models in Grain Transportation 273 
National gransportation costs and quantities hauled by 
mode for 10 models 273 
Grain 273 
Wheat 280 
Feed grain 284 
Soybeans 286 
The division of transportation costs in shipping and 
handling cost 288 
Wheat 290 
Feed grain 292 
Soybeans 294 
Ton-mile of interregional shipments 294 
A —- OOC 
Wheat, feed grain, and soybeans 298 
Average distance of interregional shipments 300 
Grain Production 303 
Grain production and utilization projections for 1980 303 
Total crop acreage, yield, and production cost 305 
Grain sales 30S 
Shadow prices 309 
National average shadow price at farm 310 
National average shadow price at consuming region 311 
Shadow prices at each individual U.S.D.A. 
consuming region 313 
viii 
Page 
Wheat 313 
Feed grain 313 
Soybeans 317 
Shadow prices at export ports 317 
Location of grain production 321 
Analysis of the distribution of grain production by 
ten regions 322 
All grains 322 
Wheat 324 
Feed grain 324 
Soybeans 327 
Cotton 327 
Analysis of individual distribution of grain 
production 329 
Model I 329 
Model II 340 
Model III 340 
Model IV 342 
Model V 342 
Model VI 345 
Model VII 345 
Model VIII 345 
Model IX 349 
Model X 349 
CHAPTER V. SUMMARY AND CONCLUSION 357 
Summary 357 
Grain production and sale 358 
Grain transportation 359 
A transportation system with single-car rail units 
(Model I) 350 
A transportation system with 50-car rail units 
(Model II) 360 
A transportation system with alternative transporta­
tion costs (Models III, IV, V and VI) 351 
A transportation system with alternate single-car 
rail costs (Model VII) 352 
ix 
Page 
A shift in the demand for exports from the Gulf to 
the Northwest ports (Models VIII and IX) 363 
An increase in grain e:i^ort (Model X) 364 
Conclusion 354 
LITERATURE CITED 367 
ACKNOWLEDGMENTS 378 
APPENDIX A 379 
APPENDIX B 392 
1 
CHAPTER I. INTRODUCTION 
Problem Statements 
Most agricultural commodities produced in the continental United 
States are not confined to a specific geographic area. The majority of 
areas of the United States can produce all types of grain, except soy­
beans and cotton. The location of soybeans and cotton is more restrained 
by climatic conditions, but the area in which these crops can be grown 
generally is large. Grain transportation is necessary in shipping and 
receiving grains because gr?iin production and consumption are not equal 
in any region. The location of grain production depends largely on the 
yields, production costs, transportation costs, and transportation 
activities for the crops in the given region. Thus, two basic questions 
arise: (1) how should the required agricultural production be distributed 
among regions of the United States so that the minimum production and 
transportation costs are outained; (2) what is the optimal interregional 
flows and transportation network of agricultural production from producing 
regions to consuming regions. 
The determination of the optimal flows of grain and the optimal 
regional production pattern is especially important in view of the 
recent transportation problems faced by the grain industry. Since the 
quantities of grain sold from farms and grain production have substantial­
ly increased, the grain industry has had difficulty in obtaining trans­
portation equipment to ship grain to consuming regions. 
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During the period 1961 to 1972, grain sold from farms increased 
tiom 4.2 billion bushels to 7.2 billion bushels (Table 1). Part of this 
increase was due to higher yields per acre. However, the greatest share 
Table 1. Estimated grain production and sales from farms in 1951, 1961, 
1971, and 1972* 
Production Grain sold from : farms where grown 
(million As a (million As a (thousand As a 
bushels) percent bushels) percent tons) percent 
of 1951 of 1951 of 1951 
1951 5,599 100 2,224 100 66,405 100 
1961 7,392 132 4,227 173 117,546 177 
1971 10,583 189 7,101 291 198,783 299 
1972 10,311 185 7,159 292 201,471 303 
^The 1951, 1961, and 1971 data are from Agricultural Statistics (68) 
and the 1972 data are from field crops (93). 
of the increase was due to the rise in the percentage of production 
sold from farms. This increased percentage resulted from an increased 
degree of specialization among grain producing and livestock feeding 
farms, a substantial rise in grain exports, and a rapid increase in soy­
bean production. Almost all soybeans are sold from farms and must be 
manufactured into meal and oil before they can effectively be fed to 
livestock. Feed grain, however, can be consumed directly on farms. 
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The sale of such large quantities requires a large transportation 
system. Especially, the 1969-70 marketing year, when large quantities 
of grain moved to export markets, shippers had great difficulties in 
obtaining transportation equipment to ship grain to export markets. 
The quantity of grain transported domestically for foreign demand has 
increased rapidly since August 1972 and the grain industry faced a 
transportation crisis from the fall of 1972 through the winter of 1973. 
According to Grain Market News (72), grain exports increased from 
1,715 million bushels in 1971-72 to 2,775 million bushels in 1972-73, 
a 52 percent increase, while rail cars loaded increased by only 30 per­
cent from 1971-72 to 1972-73. In fact, the physical distribution system 
for grain in the United States has not met the needs of the grain 
industry, and has been slow to adjust to technical and economic changes 
during the previous two decades. All the effects of the recent dis­
order in the grain industry are not yet fully known. It is obvious 
that the effects have included price instability, inefficiency re­
sulting from congestion in the grain handling industry, and higher 
inflation stemming from the ultimate increases in food prices. 
To avoid the chaotic circumstances experienced since the fall 
of 19"'2, grain transportation, production, and demand must be more 
closely coordinated. Three major functional groups, grain producers, 
shippers, and consumers need to be aware of potential future changed 
in the grain industry. The study attempts to provide at least the 
future changes in the grain industry in relation to the optimal 
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distribution of grain production and flows. 
Previous Studies 
Many studies have been carried out for the interregional competition 
of grain production. However, only a few studies have emphasized grain 
transportation. Studies emphasizing the interregional competition in 
grain production are those of the series done under the direction of 
Heady by Egbert (18, 19), Whittesey (29, 111), Skold (28, 56), Brokken 
(11, 12), Mayer (46, 47) and Eyvindson (21). In the beginning of this 
series, the work by Egbert and Heady was to determine the optimal regional 
production pattern for wheat and feed grain in the United States in 1954. 
For this study, Egbert and Heady divided the portions of the United States 
in which feed grain and wheat are important crops into 104 producing 
regions. No consuming regions were defined for this study. Thus, the 
study was designed to determine only production distribution, regardless 
ot transportation activities in shipping grain from the surplus region 
to the shortage region. 
The succeeding studies of the series included transportation 
activities. Egbert, Heady and Brokken divided the continental United 
States into ten consuming regions and wheat and feed grain demand levels 
were defined for each of these ten regions. Then ten production and 
transportation activities were specified for each commodity that could 
be produced in a producing region. The objective was to define the 
regional production pattern that minimizes total production and trans­
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portation costs. The next model was substantially expanded the 
studies done by Whittlesey, Skold, and Mayer divided the United States 
into 31 consuming regions and 144 producing regions. The 144 producing 
regions are essentially those defined by Egbert and Heady. Some of 
Egbert and Heady's regions were simply subdivided. The objective was 
to determine the regional production patterns for wheat, feed grain, 
soybeans, and cotton to minimize total production and transportation 
costs. 
The model by Brokken and Heady has 157 producing regions, 20 
consuming regions and includes livestock as well as crops. The main 
contribution of this analysis was that each producing region has three 
quality classes of land. The optimal production pattern was defined 
as the pattern which minimizes total production and transportation 
costs. Later, Eyvindson expanded the model developed by Brokken and 
Heady. Eyvindson's model has the same producing and consuming regions 
that Brokken and Heady's model used except that one of the consuming 
regions was divided into two regions for this model. 
The studies by Schnake (55) and Free (25) give the greatest atten­
tion to transportation. The Schnake study compares the solution of two 
interregional programming models, one with transportation rates and 
the other with costs. The study by Free incorporates four dif­
ferent transportation cost alternatives. However, these studies 
still have the greatest emphasis on the location of grain production. 
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processing, and demand. 
The Present Study 
Objective 
The models used in the present study emphasize the grain trans­
portation services required for the projected interregional grain 
movements in 1980. Emphasis is also placed on production and demand 
because transportation is used as a link between locations of pro­
duction and demand. Thus, grain production, transportation and 
demand are handled as interdependent phenomena in this study. 
The objective of the study is the analysis of the changes in 
regional grain production patterns and interregional grain movements 
via various transportation modes when transportation costs and de­
mand are changed. 
Achievement of the objective will provide information about the 
possible effects of the various transportation cost structures on the 
marketing system of grain industry and regional pattern of grain 
production which would need consideration by grain producers, by 
decision-makers and planners in grain industry, and by government 
policymakers. 
Specific objectives are to: 
1. Evaluate the optimal distribution of grain production and 
the changes in the distribution with various transporta­
tion cost structures. 
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2. Identify the optimal flows and transportation modes ship­
ping grain from producing regions to consuming regions. 
3. Compare economically a single car rail system with a 
multiple-car rail system. 
4. Evaluate the sensitivities between rail and water in the 
three river systems (Mississippi River, Great Lakes, and 
Columbia-Snake). 
5. Compare a single-car rail cost with a single-car rail 
rate. 
6. Evaluate the comparative advantages between ports in 
exporting grain. 
Ten linear programming models with alternative transportation systems 
and demand projections are constructed to achieve the objectives. 
Methodology 
The foundation for the study is a set of interregional linear 
programming models. The objective function of each model is to mini­
mize the production and transportation costs. The constraints in­
cluded in the models are land in each of 152 production regions, 
demand for each grain commodity in each demand region and balance 
constraints. Balance constraints in the models force the total 
production of grain to equal the total grain consumption in each de­
mand region required in 1980. Grain production and demand are im­
portant factors that influence the domestic movement of grain. 
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Thus, the number of consuming regions is substantially higher in this 
model than it has been in the previous studies. Most former studies 
have placed a somewhat heavier emphasis on production than on trans­
portation. This study concentrates on grain transportation and grain 
production by increasing the number of consuming regions. The model 
has 78 consuming regions and 152 producing ragions. 
The transportation modes used in the study are truck rail, and 
barge. A set of basic transportation costs for each mode are esti­
mated for the year 1972 and a set of grain demand and production yields 
are projected for the year 1980. This information is incorporated 
into two basic models. Model I and Model II. In addition, eight other 
models with alternative transportation systems and export demands are 
considered in the study. The basic model. Model I, is the standard 
to which the other models are compared. The tv.'o basic models and 
other alternative models are: 
costs 
(2) The basic model with 50-car rail transportation costs 
and alternative models with 
(3) A 10 percent increase in the basic rail transportation 
costs 
(4) A 20 percent increase in the basic rail transportation 
costs 
9-10 
(5) A 10 percent increase in the basic barge transportation 
costs 
(6) A 20 percent increase in the basic barge transportation 
costs 
(7) Alternative single-car rail costs with a 50 percent 
increase in the fixed coefficient and a 10 percent de­
crease in the variable coefficients of the single-
car rail system 
(8) A 10 percent shift in exports from the Gulf to Seattle 
(9) A 25 percent shift in exports from the Gulf to Seattle 
(10) A 25 percent increase in grain exports 
The basic methodology for this study and the flows of input data are 
summarized in Figure 1. 
The model used in the study is described in more detail in the 
next chapter, and the data collection procedures are described in 
Chapter III. The results of the ten linear programming models are 
presented and interpreted in Chapter IV. Chapter IV is divided into 
two sections, one is grain production, and the other is grain trans­
portation. The results are summarized and concluded in the last 
chapter. Input data necessary for and a large amount of output data 
obtained from the model are reported in Appendices A and B. Appendix 
A contains the input data and Appendix B contains output data. 
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Figure 1. Schematic flow of the analysis surrounding the linear 
programming model 
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CHAPTER II. MODEL DEVELOPMENT 
In this chapter, a detailed verbal and mathematical description 
of the general model is presented. In addition, the limitations of 
the models and nature of the solutions obtained from the models are 
discussed. 
The general model described in this chapter was designed for 
common use in the two basic models and eight alternative models. 
Verbal Description of the 
General Model 
The general model developed for this study is an interregional 
linear programming model that minimizes annual production and trans­
portation costs. Basically, the model consists of a set of produc­
tion and transportation activities and a set of constraints which 
limit the pioducLiou of each producinq region and insure that the 
minimum consumption requirements of each consuming region are satis­
fied. Any combination of production and transportation activities 
which satisfies all the constraints is a feasible solution to each 
model. The objective is to select from all feasible solutions that 
solution which minimizes total production and transportation costs. 
Producing regions 
The principles used for defining the production areas in this 
study are basically the same as those used by Egbert and Heady (18, 
19). Heady and Egbert divided the United States into 122 production 
13 
regions with the following criteria: 
Grouping state economic areas and counties in some cases, 
in terms of (1) those having relatively the same number 
of tractors, combines a'.d corn pickers per thousand 
acres, (2) those with similar proportions of total crop­
land planted to particular field crops, and (3) those 
which similar yields of the seven field crops con­
sidered (19) . 
The state economic areas referred to by Egbert and Heady were de­
lineated by the United States Bureau of the Census. Each of these 
areas consists of a group of counties which have similar agricultural, 
demographic, climatic, physiographic, and cultural characteristics. 
In a later study (30), the production regions are divided into 150 
regions under the same criteria as that used by Heady and Egbert. 
The production regions used in this study are identical to those used 
by the later study (30) except region 71. Region 71 is divided into 
three regions ; one that corresponds with the Fort Dodge area and two 
others. CuiibequéiiLly, Lhc raouel has 152 production regions. The 
number of regions for each of the crops is as follows: feed grains, 
152 regions; soybeans, 115 regions; wheat, 145 regions; and cotton, 
65 regions. A town or city represents the origin for shipping grain 
from each producing region. These towns, producing region numbers, 
and crop alternatives are presented in Table 2. These towns are the 
approximate geographical center of each region and generally are 
located on a railroad.^ The towns for region 18, 122, and 128 are 
^The availability of a railroad was based on maps in Handy Rail­
road Atlas of the United States (53). 
Figure 2. The delineation of producing regions. 
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Table 2. Producing region numbers, hubs, and crop production 
potential 
Number Hub Soybean Wheat Cotton 
1 Rochester, N.Y. X 
2 Harrisburg, Pa. X X 
3 Wilmington, Del. X X 
4 Baltimore, Md. X X 
5 West Point, Va. X X 
6 Suffolk, Va. X X X 
7 Plymouth, N.C. X X X 
8 Greensboro, N.C. X X X 
9 Salisbury, N.C. X X X 
10 Goldsboro, N.C. X X X 
11 Florence, S.C. X X X 
12 Charleston, S.C. X X X 
13 Brunswick, Ga. X X X 
14 McRae, Ga. X X X 
15 Columbia, S.C. X X X 
16 Charlotte, N.C. X X X 
17 Clinton, S.C. X X X 
18 Clayton, Ga. X X X 
19 Tallahassee, Fla. X X X 
20 Mobile, Ala. X X X 
21 Georgiana, Ala. X X 
22 Selma, Ala. X X X 
2i A1 pvflnrtoT- rity. AlA. Y V X 
24 Covington, Ga. X X X 
25 Birmingham, Ala. X X X 
26 Rome, Ga. X X X 
27 Meridan, Miss. X X X 
28 Nashville, Tenn. X X X 
29 Brownsville, Tenn. X X X 
30 Senatobia, Miss. X X X 
31 Paragould.- Ark. Y Y Y 
32 . Maiden, Mo. X X X 
33 Bowling Green, Ky. X X X 
34 Bayfield, Ky. X X X 
35 Bardstown, Ky. X X 
36 Waverly, Ohio X X 
37 Cambridge, Ohio X X 
38 Akron, Ohio X X 
39 Bellefontaine, Ohio X X 
40 Seymour, Ind- X X 
indicates that the region has a potential to produce the crop. 
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Table 2 (Continued) 
Number Hub Soybean Wheat Cotton 
41 Henderson, Ky. 
42 Washington, Ind. 
43 Frankfort, Ind. 
44 Fort Wayne, Ind. 
45 Jackson, Mich. 
45 Owosso, Mich. 
47 Wausau, Wise. 
48 Portage, Wise. 
49 Platteville, Wise. 
50 La Salle, 111. 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
51 Clinton, 111. 
52 Gray/ille, 111. 
53 West Frankfort, 111. 
54 Highland, 111. 
55 Roodhouse, 111. 
56 Ruleville, Miss. 
57 Natchez, Miss. 
58 Huston, La. 
59 Camden, Ark. 
60 Clarendon, Ark. 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
61 Searcy, Ark. 
62 Ozark, Ark. 
63 DeSoto, Mo. 
64 Bolivdi., Mo. 
55 Brookfield, Mo. 
56 Hancock, Iowa 
57 Chariton, Iowa 
58 West Liberty, Iowa 
59 Brooklyn, Iowa 
7 0 New Hampton, 'Iowa 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
71 Ames, Iowa 
72 Cherokee, Iowa 
73 Windom, Minn. 
74 Albert Lea, Minn. 
75 Northfield, Minn. 
76 Eau CLaire, Minn. 
77 Montevideo, Minn. 
78 Little Falls, Minn. 
79 Crookston, Minn. 
80 Grand Forks, N.D. 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
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Table 2 (Continued) 
Number Hub Soybean Wheat Cotton 
81 Minnewaukan, N.D. 
82 Stanley, N.D. 
83 Glen Ullin, N.D. 
84 Milnor, N.D. 
85 Phillip, S.D. 
86 Redfield, S.D. 
87 Watertown, S.D. 
88 Kimball, S.D. 
89 Bridgewater, S.D. 
90 Norfolk, Nebraska 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
91 Chadron, Nebraska 
92 Chappell, Nebraska 
93 Broken Bow, Nebraska 
94 Oxford, Nebraska 
95 Lincoln, Nebraska 
96 Atchison, Kansas 
97 Garhett, Kansas 
98 Parsons, Kansas 
99 Emporia, Kansas 
100 Mankato, Kansas 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
101 Abilene, Kansas 
102 Wichita, Kansas 
103 Ellis, Kansas 
104 sr?»nr,a . Kansas 
105 Nowata, Okla. 
106 Enid, Okla. 
107 Woodward, Okla. 
108 Oklahoma City, Okla. 
109 Henryetta, Okla. 
110 Durant, Okla. 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
111 Hobart, Okla. 
110 Amarilln. Tôvac 
113 Hamlin, Texas 
114 Seagraves, Texas 
115 Graham, Texas 
116 Brady, Texas 
117 Hillsboro, Texas 
118 Stephenville, Texas 
119 Palestine, Texas 
120 Mansfield, La. 
X 
Y 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
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Table 2 (Continued) 
Number Hub Soybean Wheat Cotton 
121 Moscow, Texas 
122 Kerrville, Texas 
123 Flatonia, Texas 
124 Goliad, Texas 
125 Harlingen, Texas 
126 Artesia Wells, Texas 
127 Toyahvale, Texas 
128 Barnhart, Texas 
129 Clovis, N.M. 
130 Alamogordo, N.M. 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
131 Trinidad, Colo. 
132 La Junta, Colo. 
133 Limon, Colo. 
134 Greeley, Colo 
135 Lusk, Wyoming 
136 Melstone, Montana 
137 Glasgow, Montana 
138 Armington, Montana 
139 Billings, Montana 
140 Blackfoot, Idaho 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
141 Salt Lake City, Utah 
142 Picacho, Ariz. 
143 Brawley, Calif. 
144 Visalia, Calif. 
145 Willows, Calif. 
146 Moscow, Idaho 
147 Heppner, Ore. 
148 Lacrosse, Wash. 
149 Warden, Wash. 
150 Yakima, Wash. 
X 
X 
A 
X 
X 
X 
X 
X 
X 
X 
X 
X 
151 Fort Dodge. Iowa 
152 Algona, Iowa 
X 
X 
X 
X 
Total 116 145 65 
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not on a railroad. 
One hundred and fifty-two regions do not partition the entire 48 
states but only the major crop producing areas. In 1959, 3.2 per­
cent of wheat, 1.2 percent of soybeans, 3.0 percent of feed grain, 
and 1.0 percent of cotton were produced outside the 152 producing 
regions. 
Consuming regions 
There are 87 consuming regions. Among them, 73 regions are 
domestic consuming regions and 14 regions are export regions. Since 
9 export consuming regions coincide with domestic consuming regions, 
the total consuming regions number 78. The number and location of 
the consuming regions are based upon the rail transportation network, 
sites representative of the location of the demand for grains, and 
the producing region boundaries. Not all consuming regions are con­
sidered as potential consumption areas for each crop because some 
regions essentially have no demand for that specific grain. The number 
of consuming regions for each crop are as follows: feed grains, 78 
regions; soybeans, 51 regions; wheat, 78 regions. This model does not 
consider the transportation effect on cotton shipment at all because 
of the concentration upon grain shipping. Cotton, however, must be in 
the model because it competes for land that potentially produces 
grain. The boundaries of the consuming regions are given in Figure 
3 and Table 3. 
Figure 3. The delineation of consuming regions 
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Table 3. Consuming region numbers, hubs, and existence of demand 
for soybeans 
Soybean Wheat Number of Name of Feed 
producing region consuming region • grain 
1 Waterville, Maine X 
2 Concord, N.H. X X 
3 Boston, Mass. X X 
4 Hartford, Conn. X X 
5 Schenectady, N.Y. X X 
6 New York City, N.Y. X X 
7 Buffalo, N.Y. X X 
8 Philadelphia, Pa. X X X 
9 Pittsburgh, Pa. X X 
10 Baltimore, Md. XX X 
11 Richmond, Va. X X X 
12 Charleston, W. Va. X X 
, 1 3  R a l e i g h ,  N . C .  X X X  
14 Columbia, S.C. X X X 
15 Macon, Ga. XX X 
16 Jacksonville, Fla. X X 
17 Tampa, Fla. X X 
18 Mobile, Ala. XX
19 Montgomery, Ala. XX X 
20 Jackson, Miss. XX X 
21 Memphis, Tenn. X X X 
22 Nashville, Tenu. X X X 
23 Knoxville, Tenn. XX X 
24 Evansville, Ind. X X X 
25 Indianapolis, Ind. XX X 
25 Cincinnati, Ohio XX X 
27 Akron, Ohio XX X 
28 Toledo, Ohio X
29 Lansing, Mich. X X 
30 Peoria, 111. XX
31 Chicago, 111. XX X 
32 Madison, Wise. X X 
33 Marquette, Mich. X X 
34^ Duluth, Minn. XX X 
35 Minneapolis, Minn. XX X 
a. 
X indicates region has a potential demand for soybeans. 
^Domestic and export region. 
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Table 3 (Continued) 
Number of Name of Feed „ , 
, . . . . Soybean Wheat 
producing region consuming region grain 
36 Fargo, N.D. X X 
37 Bismark, N.D. X X 
38 Sioux Falls, S.D. X X X 
39 Rapid City, S.D. X X 
40 Mason City, Iowa X X X 
41 Fort Dodge, Iowa X X X 
42 Des Moines, Iowa X X X 
43 Cedar Rapids, Iowa X X X 
44 Omaha, Nebraska X X X 
45 Bridgeport, Nebraska X X 
46 Wichita, Kansas X X X 
47 Kansas City, Mo. X X X 
48 St. Louis, Mo. X X X 
49 Little Rock, Ark. X X X 
50 Shreveport, La. X X 
51 Baton Rouge, La. X X X 
52 Oklahoma City, Okla. X X X 
53 Tulsa, Okla. X X X 
54. •Ft. Worth, Texas X X X 
55^ Houston, Texas X X X 
56 San Antonio, Texas X X 
57 Abilene, Texas X X X 
58 Amarillo. Texas A X X 
59 El Paso, Texas X X 
60 Albuquerque, N.M. X X 
61 Phoenix, Ariz. X X 
62 Las Vegas, Nev. X X 
63 Denver, Colo. X X 
64 Salt Lake City, Utah X X 
65 Casper, Wyo. X X 
66 Billings. Mont. X X 
67 Great Falls, Mont. X X 
68 Spokane, Wash. X X 
Richland, Wash. X X 
70 Seattle, Wash. X X X 
71^ Portland, Ore. X X X 
72. Sacramento, Calif. X X X 
73 Los Angeles, Calif. X X X 
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Table 3 (Continued) 
Number of 
producing region 
Name of 
consuming region 
Feed 
grain 
Soybean Wheat 
74 
75"^ 
76^ 
77C 
78^ 
Albany, N.Y. X 
Norfolk, Va. X 
New Orleans, La. X 
Corpus Christi, Texas X 
San Francisco, Calif. X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
'Export region only. 
Each consuming region has a hub that represents the location of 
its demand. The hubs generally are centers of transportation and 
commerce. The boundaries of consuming regions coincide with pro­
ducing region and/or state boundaries where it does not interfere with 
other criteria because the crossing of such boundaries complicates 
the manipulation of the data required for the model. 
Wheat, soybeans, feed grain, and cotton are considered as crops 
in the model. Cotton is included in the model because it competes 
against the other crops for a relatively large number of acres and 
cottonseed is a substitute for soybeans. The demand for lint cotton 
is specified only at the national level and no transportation activi­
ties are defined for it. The cottonseed produced substitutes for soy­
beans . 
The feed grain production, yields, costs, and demands are 
based on weighted aggregations of the corresponding variables for corn 
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grain sorghum, barley, and oats. These four grains were assumed to 
be substitutes for one another on the basis of their relative feeding 
values. One unit weight of grain sorghum is equivalent to .95 unit 
weights of corn and one unit of barley and oats each equal .90 units 
of corn. The same substitution rates are used to compute the de­
mand for feed grain. 
Time periods 
From approximately December 1 to April 1, the Mississippi River 
above St. Louis, Missouri, the Missouri River, and the Great Lakes 
are frozen and hence not navigable. When they are open, these waters 
carry substantial quantities of grain from the producing areas in the 
Midwest and Northern Plains to other areas. To assimilate annual grain 
transportation on these waters, it is necessary to divide time into 
two periods, viz., December 1 through March 31, and April 1 through 
November 30. All demand and transportation activities for feed grain 
and soybeans are divided into the two distinct time periods. The 
activities for wheat are maintained on an annual basis because wheat is 
harvested earlier than feed grain and soybeans. Most wheat harvesting 
is completed by the first of September, leaving three months for ship­
ping it before the waters are closed. All production activities are 
on an annual basis because they are not directly effected by the closing 
of the waters. 
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Activities included in the model 
The activities are divided into two groups: (1) crop production 
activities, (2) transportation activities. 
Crop production activities Production activities for the 
following crops were defined for the models. 
1. Wheat, 
2. Feed grain, 
3. Soybean, 
4. Cotton 
The number of production activities for the crops are 478 for each 
model; 152 for feed grain, 116 for soybean, 145 for wheat, and 65 
for cotton. The production costs corresponding to each of the produc­
tion activities were estimated based on 1972 dollars. Estimated 
production yields for 1980 were used for the estimation of 1980 pro­
duction of each crop. 
Transportation activities Each region with the potential of 
producing a given crop is linked to each consuming region with a de­
mand for the crop by transportation activities. Three modes of trans­
portation — water, rail, and highway — and combinations of them are 
included. All potential least cost modes, given the transportation 
costs used, are developed for each route. Combinations of the three 
modes are considered when water is a potential mode but access to and/or 
from water can be gained only by rail or highway. The selection of 
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the transportation modes and destinations entirely depend upon 
transportation costs plus production costs at each producing region. 
Information about the transportation activities of the three modes and 
the procedures used in these models are described in the following. 
Railroad Grain is hauled by railroad throughout all regions 
of the United States. Traditionally boxcars have been used to have 
grain but they are rapidly being replaced by jumbo covered hopper 
cars. Most of the rail grain equipment in 1980 will likely consist 
of covered hopper cars if the current trends continue. Consequently, 
the rail transportation costs are based entirely on the use of covered 
hopper cars. 
Five alternative rail costs are used: (1) the single-car, (2) 
a multiple 50-car, (3) a 10 percent increase in the single-car, (4) 
a 20 percent increase in the single-car, and (5) an alternative single-
car. The single-car costs are used in six of the ten models. The 
others are each used in only one model designed specifically to analyze 
the impact of the change in rail costs. These costs are inflated to 
reflect 1972 costs. 
The relationship between the five alternative rail costs are 
shown in Figure 4. The figure shows the single-car variable costs 
are the lowest except for the 50-car costs and the alternate single-
car costs for distances greater than 830 miles. The 50-car costs are 
lower because of the efficiencies of multiple-car shipments. Most of 
the multiple-car cost savings are a result of lower terminal costs 
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Figure 4. Five average rail costs of four territories for heavy 
grains by distance 
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that are reflected by the decrease in the intercept of the 50-car cost 
line in Figure 4. The alternate single-car costs are computed as a 
hypothetical 50 percent increase in the fixed coefficients and a 10 
percent decrease in the coefficient of distance of the single-car 
costs. 
The methodology and procedure to estimate the single-car rail 
costs and the multiple-car rail costs are presented in Chapter III. 
Water Three water systems? the Mississippi River, the Great 
Lakes, and the Columbia-Snake Rivers, carry substantial quantities of 
grain shipped domestically. The Gulf of Mexico and the Warrior-
Tombigbee Rivers are included with the Mississippi River system. The 
locations selected for points of access to the water systems are 
listed in Table 4 and shown in Figure 5. Grain is hauled via barge 
except on the Great Lakes where it is moved by both barge and ship. 
Water transportation costs depend on the navigation character­
istics of the water and the equipment used to haul grain. The river 
systems are divided into river sections because the wide range of river 
conditions result in corresponding variations of cost. The derivation 
of the costs for the river sections are detailed in Chapter III. 
The entire model is structured around the division of a year 
into two time periods because the Missouri River, the Mississippi River 
above St. Louis, and the Great Lakes, close for the winter season. 
Consequently, the water access points numbered 1-5, 18-26, 80, and 81 
in Figure 5 and Table 4 are not used during the winter season. 
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Table 4. Access points for domestic grain shipment by water 
Mississippi River 
1. Minneapolis, Minn. 10. Osceola, Ark. 
2. Winona, Minn. 11. Memphis, Tenn. 
3. McGregor, Iowa 12. Helena, Ark. 
4. Dubuque, Iowa 13. Greenville, Miss 
5. Muscatine, Iowa 14. Vicksburg, Miss. 
6. Quincy, 111. 15. Natchez, Miss. 
7. St. Louis, Mo. 16. Baton Rouge, La. 
8. Cairo, 111. 17. New Orleans, La. 
9. Caruthersville, Mo. 
Missouri River 
18. Sioux City, lowa 
19. Decatur, Nebr. 
20. Omaha, Nebr. 
21. Nebraska City, Nebr. 
22. St. Joseph, Mo. 
23. Atchison, Kan. 
24. Kansas City, Mo. 
25. Brunswick, Mo. 
26. Jefferson City, Mo. 
Ohio River 
27. Pittsburgh, Pa. 
28. East Liverpool, Ohio 
29. Marietta, Ohio 
30. Portsmouth. Ohio 
31. Cincinnati, Ohio 
32. Louisville, Ky. 
33. Evansville, Ind. 
34. Chicago, 111. 
35. Morris, 111. 
36. La Salle, 111. 
Illinois River 
37. Peoria, 111. 
38. Havana, 111. 
39. Florence, 111. 
Cumberland River 
40. Nashville, Tenn. 
Kanawha River 
41. Charleston, W. Va. 
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Table 4 (Continued) 
Tennessee River 
42. Sheffield, Ala. 
43, Guntersville, Ala. 
46. Birmingport, Ala. 
47. Tuscaloosa, Ala. 
44. 
45. 
Tombiqbee River 
48. 
49. 
Chattanooga, Tenn. 
Knoxville, Tenn. 
Demopolis, Ala. 
Mobile, Ala. 
Arkansas River 
50. Little Rock, Ark. 
51. Dardanelle, Ark. 
52. Muskogee, Okla. 
53 - CatoosaOkla. 
Gulf 
54. Houston, Texas 
55. Corpus Christi, Texas 
56. Tampa, Pal. 
57. Des Arc, Ark. 
White River 
58. 
Columbia River 
Clarendon, Ark. 
f \j • jjwiiy VJ.CW/ ncLaii, 
71. Portland, Ore. 
72. Biggs, Ore. 
73. Arlington, Ore. 
/*«• uiticxuxxxaf 
75. Pasco, Wash. 
76. Richland, Wash. 
Snake River 
77. Central Ferry, Wash. 78. Almota, Wash. 
vjxticiu ijai^es 
80. Duluth, Minn. 81- Buffalo, N.Y. 
81 
\31 30 
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for domestic grain shipments 
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Truck or rail, whichever represents the least cost, is used to 
ship grain from producing regions to water access points and from water 
access points to consuming regions. The same rail cost methods are 
used in combinations of rail and water as used for rail by itself, 
except the single-car rail costs are used in combination with water 
for the 50-car rail cost model. The 50-car rail costs are not used 
for mode combinations because many water access points do not have the 
capacity to receive one or more 50-car shipments within a short time. 
The elevator handling costs used for switching grain from one mode 
to another are based on shipments in 1972 and hence generally repre­
sent single-car movements. What effect large multiple-car rail ship­
ments would have on the handling costs of the elevators is unknown. 
The barge costs used represent 100 percent utilization at normal 
operating conditions including delays for loading, unloading, switch­
ing, congestion at locks, waiting for towboats, and normal weather. 
They do not reflect lost or idle time resulting from major floods or 
excess capacity within the industry. The return trip, backhaul, can 
be an important aspect of transportation services. It is not always 
clear which movement or cargo comprises the fronthaul and which the 
backhaul. However, more cargo, including more grain, is hauled down 
than up the rivers in the United States. The upstream (downstream) 
backhaul would reduce the cost of hauling grain downstrem (upstream) 
if the backhaul cargo effectively contributed to the return cost of 
moving the barges. However, under a competitive market for the back-
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haul, the contribution of the backhaul may result in a lower charge 
for the backhaul cargo rather than a lower charge for grain, the 
fronthaul cargo. The barge costs are based on the assumption of 
no backhaul. 
The basic barge costs are used in eight of the ten models. Two 
alternative models with 10 and 20 percent increases in barge costs 
are analyzed. The domestic movement of grain on the Great Lakes is 
limited in the models to shipments between Duluth, Minnesota and 
Buffalo, New York. The water transportation costs from Duluth to 
Buffalo are described in Chapter III. The same costs for shipping 
grain on the Great Lakes are used in all ten models. 
Truck Trucking costs for hauling grain are developed for 
only large, five-axle tractor-semitrailer trucks because of the 
relatively long interregional distances required for grain move-
The flow of cargo in the opposite direction that grain moves 
is very important to the trucking of grain. Traditionally, grain 
has often been hauled as the backhaul of another cargo. As dis­
cussed under water transportation, the actual allocation of the trans­
portation costs between the fronthaul cargo and the backhaul cargo is 
often unrelated to actual costs encountered during the two hauls. 
It is assumed trucks have a backhaul for 40 percent of the trips and 
return empty the other 50 percent. Further, it was assumed that 
costs encountered while carrying the cargo of the backhaul are 
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exactly supported by the backhaul. 
The truck transportation costs as calculated are not a constant 
cost per mile. The per-mile cost depends on the distance of the trip. 
However, the average cost is approximately 35 cents per mile assuming 
the truck travels 110,000 miles and operates 3,000 hours annually. 
Constraints included in the model 
For convenience, the constraints included in the model are 
divided into three groups; (1) Land constraints, (2) demand 
constraints, and (3) Supply-demand balance constraints. 
Land constraints Crop land is defined as the land from which 
wheat, soybean, barley, oats, corn, grain sorghum, and cotton were 
harvested and the land idled. Thus, the production activities for each 
crop are limited by the crop land. Each of the 152 producing regions 
included in the model has the limited land for crops and these crops 
compete against one another in sharing the limited land. 
Demand constraints For each of the 78 consuming regions, 
constraints were defined which insure that the requirements for each 
grain and cotton in each consuming region are at least satisfied. 
Wheat requirements The consumption requirements for wheat in 
each consuming region are equal to the 1980 domestic requirements for 
food and industrial use in that region plus the foreign export require­
ments if that region has export demand. The number of demand 
constraints for wheat is a total of 78. 
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Feed grain requirement Feed grain includes corn, oats, barley, 
and grain sorghum. The definition of requirements for each of these 
crops is identical to the definition of wheat requirements. Feed 
grain requirements are estimated for two time periods; one is April 
to November, and the other is December to March. The number of de­
mand constraints for feed grain is 78 for each of the two seasons. 
Soybean requirements Soybeans yield both soybean oil and soy­
bean oil meal. Soybean oil is substituted for cotton seed oil. Thus, 
the consumption requirements for soybeans in each consuming region 
are equal to the 1980 domestic requirements for food and industrial 
use of both soybean oil and soybean oil meal plus cotton seed oil as 
its by-product plus the foreign export requirements. The number of 
demand constraints for soybeans is 45 for each of the two seasons. 
Cotton requirements The transportation activities of cotton 
from producing regions to consuming regions are not considered in the 
model. Thus, it is not necessary to estimate cotton requirements for 
both domestic and foreign consumption in each of the consuming regions. 
For the model one national cotton requirement is estimated for 1980. 
Balance constraints The model requires the total quantities 
of grain production in the producing regions to be equal to the total 
quantities of grain required in consuming regions for achieving 
spatial equilibrium in the agriculture sector. The model does not 
allow the existence of surplus and shortage of grain production. Thus, 
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the quantity of each of constraints in this model is estimated by 
subtracting the total sum of quantity traded to other consuming regions 
and local consumption from the total production of each crop in each 
of the producing regions. The number of balance constraints is a total 
of 478; 152 for feed grain, 116 for soybeans, 145 for wheat and 65 
for cotton. 
Bounds To get a more realistic solution, the production 
activities for each crop in each producing region are limited based on 
the historical trend. Each production activity has both upper and 
lower limits of production. 
The Mathematical Model 
To complete the model description and to formally identify the 
interrelations of the activities and constraints, the mathematical 
model is now presented. 
Notation; 
F = Feed grain 
S = Soybeans 
W = Wheat 
C = Cotton 
i = Index of crop producing regions (i = 1,2, —152) 
j = Index of consuming region (j = 1,2,—78) 
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n = Time period 
n = 1 for time period one 
n = 2 for time period two 
F 
= Production activity cost for feed grain (cost ($)/acre) 
g 
= Production activity cost for soybeans (cost ($)/acre) 
W 
= Production activity cost for wheat (cost ($)/acre) 
Q 
C .  = Production activity cost for cotton (cost ($)/acre) 
F 
= Production activity level for feed grain (unit = acres) 
S 
= Production activity level for soybeans (unit = acres) 
W 
X. = Production activity level for wheat (unit = acres) 
Q 
X^ = Production activity level for cotton (unit = acres) 
F 
P .. = Transportation activity cost for feed grain 
-(cost ($)/ton) 
S 
P .. = Transportation activity cost for soybeans (cost ($)/ton) 
ni] 
W 
P^^j = Transportation activity cost for wheat (cost {$)/ton) 
C 
P = Transportation activity cost for cotton (cost ($)/ton) 
V 
T^^j = Transportation activity level for feed grain (unit = ton) 
S 
T^^j = Transportation activity level for soybeans (unit = ton) 
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W 
= Transportation activity level for wheat (unit = ton) 
C 
T = Transportation activity level for cotton (unit = ton) 
= Land requirement for land using activities 
= Input-output coefficients = 1 
A .. = Input-output coefficients A .. = 1 
nij ni] 
h .. = Yield of cotton oil seal in each production region which 
is divided into each consuming region 
FD . = Demand for feed grain in consuming region at n^^ 
time period 
SD . = Demand for soybean in consuming region at n^^ time 
period 
WD. = Demand for wheat in consuming region 
1 -
CD = Demand for cotton in national level. Cotton has two 
products, one is cotton oil, and the other is cotton 
F 
= Balance of feed grain 
g 
B. = Balance of soybean 
1 
W 
B. = Balance of wheat 
1 
C 
B = Balance of cotton 
F 
g^ = Yield for feed grain (ton/acre) 
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g 
g. = Yield for soybean (ton/acre) 
W 
= Yield for wheat (ton/acre) 
Q 
g^ = Yield for cotton (ton/acre) 
The model expressed algebraically 
Given the notation just defined, the objective of the model is to 
find the combination of production and transportation activities 
that will minimize; 
i=l ^ ^ i=l ^ ^ i=l ^ ^  i=l ^ ^ 
2 152 18 2 116 51 
+ I E Z P . .T . . + Z Z E P . .T . . 
n=l i-1 j=l n=l i=l j=i 
145 78 
+ E E 
i=l j=l 
+ PCTC 
1] 1] 
subject to the following constraints, 
(1) Land constraints: 
L, > A.X^ + A.X^ + A.X^ + A.X?, i = 1,2,...152 
1 — 1 1  1 1  1 1  1 1  
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(2) Demand constraints: 
Demand for feed grain; 
FD . < E 
n] - ^^2. ni] 3=1,78 
Demand for soybeans; 
116 116 
SD . < 2 h ..X .. + E A ..T .. 
n] - ni] ni] ni] ni] ]=1,51 
Demand for wheat: 
W W 
WD. < E A..T.. j=l,78 
D - i=i 1] 
Demand for cotton: 
CD < AV 
(3) Balance constraints: 
Feed grain; 
4 - « 
78 
E 
n=l j=l 
F F 
A ..T , . 
ni] ni] 
i = 1,2,...152 
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Soybean: 
S S S ^ s 
B. = g.x. - E Z A ..T .. i = 1,2,...116 
" ' " n=l j=l "1] 
Wheat: 
78 
B" = g"x" - Z A..T^. 
1 1 1 
i = 1,2,...145 
Cotton; 
= Z guX^ - aSrC 
1=1 ^ ^ 
(4) Bounds: 
The activities of production include upper and lower bounds for feed 
grain, soybean, wheat, and cotton in each region. 
(5) Activity levels are restricted variables greater than or equal 
to zero. 
The simplified programming matrix and computer format for the 
general model is shown in Figure 6. The programming matrix consists 
of 903 rows representing restraints and 47333 columns representing 
production and transportation activities. Eight digit numbers are used 
for identification of 47333 transportation activities and 903 rows in the 
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No. of 
columns 
prod.R 
XOOXXXOO 
Crop 
Season 
XXXOOOXX 
T 
Con.Reg. 
3 
FD^ 
FD2 
SD^ 
SD^ 
WDj 
WD, 
0D_ 
.w 
"2 
C 
Crop 
prod.R 
JL 
oxoxxxoo 
478 
F F F S S W W C C F  F  F  F  F  F F  
Xi Xg X3 X^ Xg X^ Xg X^ Xg T^2 "^13 '^21 '^22 23 31 
11 1 
-g 
-g 
-g 
b 
b 
b 
b 
-g -g 
Upper Bound l £ 
Figure 6. Programming matrix and format for computer 
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Season 
No. of 
columns 
prod. R 
XOOXXXOO 
Crop 
Season 
XXXOOOKX 
Con. Reg. 
3 
FD^ 
FD„ 
SDi 
SD2 
WDj 
WD, 
OD. 
B 
B 
B 
B 
B' 
B 
R 
B 
Crop yrod.R Con.R 
XXXXXXXX 
24190 36022 
<2 4 4 4 4 4 4 4 4 4 < 
47332 47333 
1 
46095 
No. of Row 
T 
F 
1 
F 
2 
f 
3 
S 
1 
S 
2 
,W 
1 
w 
2 
C 
T 
152 
308 
410 
488 
489 
64.1 
757 
902 
903 
Upper Bound 
Figure 6 (Continued) 
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programming model as shown in Figure 6. 
Nature of the Solution 
The optimal solution of the linear program described above is the 
optimal pattern of production and grain flow to consuming regions which 
will minimize the total production and transportation cost required 
to satisfy the grain demand in consuming regions. From the two basic 
models; i.e., model I with single rail car loading cost and model II 
with 50 rail car loading cost, it is possible to identify the follow­
ing characteristics of the optimal production pattern and optimal 
flow of grains to destinations: 
1. The kinds and amounts of crop production in each producing 
region in the year 1980 
2. The comparative advantage of grain production in each 
producing region in the year 1980 
3. The optimal flow of grain from producing region to consuming 
region in the year 1980 
4. Estimation of transportation cost and the capacity of 
transportation in each route needed to ship the required grain y 
to destination in the year 1980 
5. Estimation of total traffic required for each transportation 
mode in the year 1980 
It is possible to obtain the following additional solutions from optional 
models which are based on the traditional single-car cost structure; 
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10 percent increase in rail costs, 20 percent increase in rail costs, 
10 percent increase in barge costs, 20 percent increase in barge 
costs, 10 percent shift in exports from the Gulf to Seattle, and 25 
percent shift in grain exported from the Gulf to Seattle. 
6. Sensitivity analysis between rail and water transportation 
in the Mississippi, Great Lakes, and Columbia-Snake water 
systems' 
7. Economical comparison between single-car rail costs and 
rates 
8. Changes in transportation modes and transportation routes 
when export ports are changed 
Limitations of the Model 
The model described in this chapter is not a completely realistic 
representation of the segment of agriculture and transportation 
industry considered in the study. To get a more realistic and de­
tailed solution for the transportation industry, all possible rail 
transportation systems available in this country, which are single-
car, three-ten car, 25-car, 50-car, 80-car and 100-115 car, should be 
considered and the required investment associated with each rail 
system should also be added in this model. Another limitation of the 
study is the exclusion of local movements of grain. Thus, the numbers 
estimated for transportation in shipping grain do not include local 
transportation. 
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The model was designed to examine the changes in grain production, 
grain distribution, and transportation problems between producing 
regions and consuming regions. 
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CHAPTER III. DATA COLLECTION 
The procedures used in collecting and estimating the data for the 
model are described in this chapter. The data are the transportation 
costs, production costs and yields, demand requirements, and land 
constraints. A total of 48,000 elements of data was estimated for the 
objective function and other parts of the linear programming model. 
The data collection process was complicated not only by the volume 
of the data requirements but also by the fact that much of the data 
required was not available directly. When the required data could not 
be obtained from the available sources, procedures were developed to 
estimate the necessary data from related available data. The estima­
tion of rail transportation cost coefficients described in the following 
chapter is an example of this procedure. Further, in the case where 
available data was not in the form required for this study, it was 
necessary to adopt procedures to convert the available data into a 
usable form. An example of this is the procedure developed to distribute 
crop demand (production) by states into consuming (producing) regions 
in the model. 
A large part of the basic data required was obtained or developed 
from the data in publications of the United States Department of 
Agriculture, the United States Bureau of the Census, and the United 
States Interstate Commerce Commission. Considerable use was made of 
data in a study by Jerry A. Fedeler, Earl 0. Heady, and Won W. Koo: 
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Interrelationship of Grain Transportation, Production, and Demand; 
A Cost Analysis and Projection of Grain Shipments within the United 
States for 1980 (22). 
Transportation Cost 
The transportation costs in shipping grain from each producing 
region to the consuming regions by crops and time periods are developed 
in this section. Since the models use truck, rail, and water as trans­
portation modes for hauling grains in both time periods, the cost of 
hauling grain by truck, rail, water, and their combinations are esti­
mated as all possible alternatives of grain transportation. The least 
transportation cost for each route is selected as the coefficients in 
the objective function of the linear programming model. The trans­
portation costs are costs as viewed from the transportation industry, 
not the grain industry. The costs of 'Lransportation to the grain 
industry are the price of grain transportation services and depend upon 
both the demand and supply of those services. 
The transportation costs used in the objective function of the 
linear programming model are transportation costs between each producing 
region and consuming region plus handling cost at both origin and 
destination. 
Handling costs 
The handling costs are taken from cost of Storing and Handling 
Grain and Controlling Dust in Commercial Elevators, 1971-72 and 
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Projections for 1973-74 (76). The national averages of all facilities 
for each mode are used except for the following. Water receiving costs 
for port terminals on the Gulf, Columbia-Snake, and Great Lakes are 
used for their respective areas. The national inland terminal average 
is used for all other water receiving costs. The water loadout cost 
for the Great Lakes is the loadout cost for port terminals on the 
Great Lakes. Handling cost are not charged for placing grain aboard 
ocean-going vessels. The handling costs are based on the replacement 
cost of the facility for three reasons. First, projections to 1980 
are beyond the economic short-run. Second, book costs would bias the 
results by excluding sunk costs in elevator handling facilities. 
Third, elevator facilities in a few instances do not exist where they 
are required by the model. The published handling costs are on a per 
bushel basis, but for the study are converted to a cost per ton for 
Adjustment for feed grain, wheat, and soybeans 
It is not necessary to make special adjustments of the trans­
portation costs for wheat and soybeans. The transportation costs for 
wheat âuu soybeans âi"6 thê Sôïïiê uIiTOuyh âll tiTânSpOi'tâLlOfâ ITtOdcS j tZUCk, 
rail, and barge. 
The combination of corn, grain sorghum, barley, and oats into feed 
grain creates special problems for the development of transportation 
costs for feed grain. The cost of shipping barley and oats is greater 
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Table 5. Grain elevator receiving and loadout costs per ton by grain 
and mode 
Wheat 
and 
beans 
Corn and 
grain 
sorghum 
Oats Barley 
Receiving 
truck ,700 
rail .787 
water, gulf .517 
water, west .807 
water, lakes 1.210 
water, inland 1.243 
(dollar per ton) 
.750 1.313 
.843 1.475 
.554 .969 
.864 1.513 
1.296 2.269 
1.332 2.331 
.875 
.983 
.646 
1.008 
1.512 
1.554 
Loadout 
truck 
rail 
water, other 
.793 
.843 
. 4'HO 
.337 
.850 
.904 
.âbl 
.361 
1.488 
1.581 
.800 
.631 
.992 
1.054 
.421 
Total ; receiving + loadout 
truck 1.493 
rail 1.630 
water gulf .854 
water, west 1.144 
water, lakes 1.640 
water, inland 1.580 
1.600 
1-747 
.915 
1.225 
1.757 
1.693 
2.801 
3.056 
1.600 
2.144 
3.075 
2.962 
1.867 
2.037 
1.067 
1.429 
2.049 
1.975 
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than for the other grains because of their lower density; their con­
straining characteristic is volume rather than weight. Therefore, the 
transportation costs of feed grain depends on the mix of the four 
grains. The percentage of feed grain comprised of each of the four 
grains in each producing region is estimated using Equation 3-1. 
\i\s 
\i '«TFTs-' -
k 
where: 
= percentage of feed grain comprised of grain k in producing 
region i 
= yield in tons per acre of grain K in producing region i 
= the average percentage production of grain k sold from 
farm in 1970, 1971, and 1972 
k = index number of grain 
The Y, values are the yields estimated in the next section and 
values are computed from the 1971, 1972, and 1973 May issue of 
Field Crops (93) . If the values for were not published for a 
particular state, the national average is used. Every transportation 
cost for feed grain is computed as the weighted average of the costs 
of shipping the particular grains. The weights are the values of 
Equation 3-1. This procedure for computing feed grain transportation 
costs is given by Equation 3-2. 
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(3-2) TC^.. = I TC^. .F, . 
ni] ni: ki 
where : 
= the transportation cost including handling of feed grain 
in time period n from producing region i to consuming 
region j 
k 
= the transportation cost, including handling, of grain k 
in time period n from producing region i to consuming 
region j 
= defined previously 
K = the index number of the four grains; 1 = corn, 2 = grain 
sorghum, 3 = barley, and 4 = oats 
The boundaries of the producing and consuming regions do not coin­
cide. No transportation costs are applied to movements of grain from 
a producing region to a consuming region if the former is totally or 
partially contained within the latter. Substantial quantities of grain 
are utilized on farms where grown and the exact location of the demand 
within a consuming region is not identified by the model. Grain shipped 
to a destination within the boundaries of the consuming region where it 
is grown travels a relatively short distance and in many cases could be 
efficiently delivered directly from the farms to the point of utiliza­
tion via truck. Such direct deliveries might minimize costs simply 
because all intermediate handling costs would be avoided, For longer 
hauls via rail or barge, the intermediate costs cannot be avoided. 
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Consequently, fewer errors are likely to be encountered by eliminating 
the transportation costs of grain shipped to the consuming region 
wherein it was produced. 
The three producing regions which do not have railroad service; 
18, Clayton, Georgia; 122, Kerrville, Texas; and 128, Earnhardt, Texas; 
were linked by highway to both rail and water access points. All other 
producing and consuming regions have direct access to rail transporta­
tion. The methodology and procedure used in estimating truck, rail, and 
water transportation costs are described in the following. 
Cost of Shipping Grain by Truck 
Grain can be hauled in all sizes of trucks. The interregional 
model for this study emphasizes relatively long-distance and large-
volume grain movements. For such movements, the larger the truck the 
lower the cost per ton hauled. For example, the approximate purchase 
price of a five-axle tractor-semitrailer is $31,000 and for a three-
axle single-unit truck it is $14,000. The miles per gallon of fuel for 
the five-axle truck is about 4 while it is around 5 for three-axle 
truck. The difference between drivers' wages for the trucks is very 
little if any. These three costs compromise at least 70 percent of the 
total trucking costs. While the five-axle truck can carry 90 percent 
of the payload carried by two three-axle trucks, it requires only a 
10 percent greater investment, 25 percent less fuel, and 50 percent 
less labor than two three-axle trucks. Labor costs approximate one-
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third of the total cost- The labor-cost savings for the five-axle 
truck alone are nearly 15 percent of the total trucking cost. Since 
there is no doubt that the larger truck is less costly for large grain 
movements, a five-axle tractor-semitrailer was selected to represent 
the motor carrier for this study. 
Regional differences in trucking costs 
The cost of operating trucks varies from one locality to another. 
The Interstate Coiriirterce Commission has indicated this variation by 
partitioning the 48 states into eight regions. These regions, shown in 
Figure 7, were used to compute regional trucking costs. The trucking 
costs developed below are for the Midwest, Region V. Once they were 
determined, the costs for the other regions were calculated as the 
products of the respective regional factor and the cost for Region V. 
Each of the eight regional factors was computed as the ratio of the line 
haul cost of the region and the line haul cost of Region V. The vari­
able line haul intercity trip costs in cents per hundredweight-mile 
published by the Interstate Commerce Commission were used to compute 
the regional cost factors [34]. The ICC line haul costs are classified 
by load and distance. The classes chosen were 20,UÛU to 29,999 pounds 
and 100 to 124 miles. Although the trucks can carry as much as 48,000 
pounds, the weight class refers to the average two-way payload. Trucks 
do not always have a haul in the opposite direction and when they do the 
weight of the payload may be less than the maximum 48,000 pounds. 
Consequently, the 20,000 to 29,999 pound class was assumed to be the 
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best approximation of average weight hauled. The 100 to 124 mile 
class was chosen for three reasons. First, most of the distances 
between regions in the model are over 50 miles. Second, for distances 
greater than 125 miles, rail and not truck would usually be selected 
as the least cost mode. Finally, the regional variation in the line 
haul costs is very large for short distances. For example, the range 
in line haul costs for 50-74 miles is from 88 percent to 139 percent 
of the cost for Region V. The line haul costs for short distances 
may reflect substantial travel within cities as a result of movements 
between relatively large cities which are close together. Such move­
ments would not be representative of grain shipments because grain 
moves from rural areas. The regional factors used are given in 
Table 6. 
Trucking costs were separated into two categories: first, costs 
allocated to distance or mileage; second, costs allocated to time. The 
sum of the two costs equals total trucking costs. The total truck 
costs were first calculated as if all miles of every trip were traveled 
in Region V. Then the regional cost factors were applied as shown by 
Equation 3-3. 
8 
(3-3) TC = Z TC M RF 
- V n n 
n=l 
where : 
TC = total truck costs for a trip. 
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TC^ = total truck cost unadjusted for regional variation; the 
cost of trucking if the trip were entirely within Region V, 
= percentage of the total miles traveled in Region n 
RF = regional factors listed in Table 6 
n 
n = index number of truck cost territories 
Table 6. Regional adjustment factors for trucking cost 
Region Factor 
I. New England 
II. Middle Atlantic 
III. Southern 
IV. Central 
V. Midwestern 
VI. Southwestern 
VII. Rocky Mountain 
VIII. Pacific Coast 
1.1925 
1.2070 
.9201 
1.2566 
1.0000 
.9680 
1.0651 
1.2210 
The highway miles between producing-and consuming regions' centers 
and between producing or consuming regions and water access points were 
calculated from the Standard Highway Mileage Guide (54). 
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Trucking costs in the midwest 
Total cost The total trucking cost, unadjusted for regional 
variation, was calculated by using Equation 3-4. 
(3-4) TC, = C, H + C M 
V h m 
where : 
TC^ = previously defined, 
= the cost per hour of truck use, 
H = the hours required for the trip, 
C = the cost per miles of truck costs based on distance, 
m 
M = the distance of the trip in miles. 
Costs that were allocated to time include the fixed cost of the truck, 
interest on its purchase value, license fees, insurance, highway use 
f2V Anr* fha wprroc:  Thg COSt fn 
include fuel, oil, tires, maintenance, and repairs. The hours required 
for a trip was based on the distance traveled; average speed; and the 
time required for loading, unloading, and other required stops. 
Trucking costs allocated to tize It was assumed that the truck 
operated 3,000 hours annually, travels 110,000 miles annually, and has 
an economic life of four years. The estimated purchase price of the 
tractor and semitrailer was $24,500 and $6,800, respectively, for a 
total of $31,000. The salvage, or resale value of the tractor and 
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semitrailer was $6,500 and $2,400, respectively, for a total of 
$8,900. The truck was assumed to be equipped with 250-270 hp. diesel 
engine, a seven speed transmission and a radio, but no air conditioner, 
(1) Interest and depreciation: The interest and depreciation is 
based on an annual equivalent cost of 8 percent interest rate and 
four year life expectancy. Thus, the investment cost of the truck 
can be estimated by the following Equation 3-5. 
(3-5) A.E.G. = ] - p [ ] 
{l+i)"-l ® (l+i)"-l 
$31,300[0'08(1+0.08) , 
(1+0.08) -1 
$8,900[- 0.08 -] 
(1+0.08) -1 
= 
(2) State fees and federal highway use taxes: Annual state 
license fees, personal property taxes, and other fees or taxes, except 
fuel taxes, for a five-axle tractor-semitrailer were estimated at 
$1,320, the average for the 8 states in Region V (45). In addition to 
the state fees, the federal use tax was estimated at $220 for the truck 
tractor (104). 
(3) Insurance and safety: Truck insurance and safety costs 
depend on the insurance coverage, value of the equipment insured, and 
60 
length of hauls made by the truck. For class I common carriers of 
commodities other than general freight and class I contract carriers 
engaged in intercity service in the Midwest in 1970, insurance and 
safety costs were 3.8 percent and 4.5 percent of total expenses 
respectively (39). .For this study, these costs were set at 4.0 per­
cent of total expenses. Thus, for a five-axle tractor-semitrailer 
operating 3,000 hours, and traveling 110,000 miles annually, insurance 
and safety costs were estimated at $1,380. 
(4) Overhead : Estimates of the overhead cost for trucking firms 
vary over a wide range. For example, Cosavant and Nelson estimate the 
sum of telephone and utility costs at $950 and $370 per truck for a 
firm with one tractor and one trailer and a firm with 12 tractors and 
16 trailers respectively (15). By combining the management with the 
utilities and telephone services, they estimate the overhead costs to 
range fro^ s'7-460 to per t-rnrV annnally. A U.S. Department of 
Agriculture study by Boles estimates annual costs for a 10-vehicle 
livestock trucking firm to be $6,234 per truck (10). Boles' cost esti­
mates include office salaries and fringe benefits, depreciation and 
interest on nonrevenue equipment, telephone service, office supplies, 
audits, legal fees, utilities, bad debts, travel, advertising, dues, 
charities, and miscellaneous. Although Boles' costs are very detailed, 
probably the shipment of livestock requires more general office and 
overhead expenses than grain. In livestock shipping there are greater 
risks of injury and damage to the cargo, high requirements for coordi-
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nation of shipments, and probably a larger number of individual ac­
counts. Again the published data from the Interstate Commerce Com­
mission provide reasonable and appropriate guidelines because of their 
comprehensive representation of the industry. The ICC reports ad­
ministration and general costs were 5.8 and 6.9 percent of total 
expenses of class I contract carriers in intercity movements for the 
year 1970 for the U.S. and the Midwest, respectively (39). There­
fore, overhead including general administration was estimated at 
$2,220, 5.8 percent of the total annual expenses. 
(5) Driver's wages; Driver's wages and benefits were estimated 
at $4.50 per hour. 
Trucking costs allocated to mileage (1) Fuel and oil cost: The 
assumptions used for calculating fuel and oil cost are that (1) each truck 
has diesel enginm and (y) dieçel fuel mileage is 4 miles per gallon fcr 
a five axle tractor-semitrailer. The price of diesel fuel is $0.27 per 
gallon. Thus, fuel cost per mile can be calculated from the above assump­
tions by using the Equation 3-6. 
13-6) Fuel cost/mile = Price per gallon 
Fuel mileage per gallon 
= $0.0675 
It is assumed that the cost of oil for one oil change is $7.80 
and oil is changed every 4,000 miles for five axle tractor-trailer 
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truck. Thus, oil cost per mile is as follows: 
,3-7, Oil cost/„iie. 
Hence, total fuel and oil cost is $0.06945. 
(2) Tire cost; Tire costs were based on eight rear tractor and 
eight trailer tires and the two front tractor tires. The two front 
tractor tires were estimated to cost $76 each with a 50,000 miles life 
and tires on rear tractor and trailer were estimated cost of $130 and a 
life expectancy of 88,000 miles. 
Thus, the tire cost per mile is estimated by Equation 3-8. 
(3-8) Tire cost/mile= ^ ^ire) x (No. of tire per truck) 
tire life expectancy 
(3) Maintenance and repair cost; Maintenance and repair cost per 
year is assumed to be 5 percent of the cost of five axle tractor-
trailer truck (1). Thus, annual maintenance and repair cost per mile 
for the truck is as follows: 
(3-9) Maintenance and repair cost = of t uck) x_5% 
Total annual mileage 
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$31,300 X 0.05 
110,000 
= $0.01423 
Total operating cost: 
(1) Costs allocated to time: 
A. interest and depreciation $7,475/year 
B. state fee and taxes 
C. federal highway use tax 
D. insurance and safety 
E. overhead 
Annual total 
1,320/year 
220/year 
1,380/year 
2,220/year 
$12,615 
Cost per hour of operation 
(annual total/3,000 hours) $4.20 
F. driver's wage per hour 4.50 
Estimated cost dllucateu per 
hour of truck operation $8.70 
(2) Costs allocated to miles: 
A. fuel and oil $0.05945 
B. tire 0.02668 
C. maintenance and repair 0.01423 
Total cost allocated per mile $0.11036 
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Adjustments for feed grain, wheat, and soybeans including handling 
charges 
The total time required for a trip was calculated as the sum of 
the travel, loading, and unloading times. Loading and unloading time 
was estimated at 40 minutes per trip. The actual time required to fill 
or empty the truck is minimal, but frequently delays are encountered 
waiting in queues. These delays are included in the 40 minutes. 
The average speed is dependent on the kind of road traveled. It 
was assumed that trucks averaged 40 mph on noninterstate highways and 
60 mph on interstate highways. The ratio of interstate to non-
interstate miles between a random sample of producing regions and their 
surrounding consuming regions was determined. For distances up to 300 
miles, the sampling showed 42 percent of the miles were traveled on 
noninterstate highways and 58 percent of the miles were on interstate 
highways. The sample also showed all truck travel beyond the first 300 
miles was on interstate highways. In addition to the driving time, 
travel time was increased for long trips, because it was assumed a 30 
minute driving break was taken after every four hours of continuous 
driving. 
The transportation cost per ton of grain was calculated by 
dividing the total transportation cost by the number of tons of grain 
hauled. Not all trucks have the same volume capacity. However, a five-
axle tractor-semitrailer in most states has a weight restriction of 
about 72,000 pounds gross. Consequently, it was estimated that a truck 
hauled 24 tons of grain with the exception of oats which have less 
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weight per volume. It was assumed that trucks have a maximum volume of 
1,000 bushels. Hence, the truck cost of hauling oats was based on a 
payload of 15 rather than 24 tons. 
Thus, total transportation costs of shipping feed grain, wheat, 
and soybeans by truck through the United States are estimated in 
Equations 3-10 and 3-11. 
8 ($4.20 + $4.50)H + 0.1104M 
(3-10) TC.. =TC.. = E [ — 
1] 1] n=l 24 
+ 1.7327] • M -RF 
n n 
3 8 ($4.20 + $4.50)H + 0.1104M 
(3-11) TC.. = Z Z [ — -+ HC, ] -M .RF 
k=ln=l 24 k n n 
8 ($4.20 + $4.50)H + 0.1104M 
+ Z [ — + 3.1504] -M -RF 
, 1 6  n  n  
n=l 
where ; 
W 
TC^j = cost of shipping wheat from producing region i to 
consuming region j 
S 
TC^j = cost of shipping soybeans from producing region i to 
consuming region j 
$4.20 = cost per hour of truck operation 
$4.50 = driver's wage per hour 
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H = defined previously 
= mileage in Region V 
0.1104 = total variable cost per mile of truck operation 
24, 16 = total tons hauled by a five-axle tractor-trailer 
truck 
1.7327 = handling cost for wheat and soybeans per ton 
3.1604 = handling cost for feed grain per ton 
= defined previously 
RF^ = defined previously 
TC^. = cost of shipping feed grain from producing region i 
to consuming region j 
HCj^ = handling cost per ton 
HC^ = $1.8397 
HC^ = 2.1067 
HC^ = 1.8397 
Cost of Shipping Grain by Railroad 
Railroads provide a connection between grain producing and con­
suming areas. Usually at least one rail line reaches into a grain 
producing area and several lines penetrate major grain markets and 
harbors for grain exports. 
The costs of transporting grain by rail were basically extra­
polated from Rail Carload Cost Scales by Territories for the Year 1969 
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(37). The scales published by the ICC provide costs per hundredweight 
by railroad territory, type of car, short-line distance, and load weight. 
The railroad territories selected were Official, including New England; 
Southern; Western, excluding Mountain Pacific; and Mountain Pacific 
as shown by Figure 8. Covered hopper cars were selected to represent 
the equipment used to haul grain. 
The variable, vs. fully allocated, cost scales are used because 
the fixed cost portion of the fully allocated cost scales are distributed 
on a net ton-mile basis (37) . The variable cost 
...include 80 percent of freight operating expenses, rents and 
taxes (excluding federal income taxes) plus an allowance for 
the cost of capital before federal income taxes on 50 percent 
of the road property and 100 percent equipment used in freight 
service.... Fully allocated costs include, in addition to the 
variable costs,..., the remaining 20 percent of freight 
operating expenses, rents, and taxes, (excluding federal income 
taxes), an allowance for capital before income taxes on the re­
maining property (37). 
The assignment of fixed cost on a ton-mile basis places a rela-
Lxvti iy IdiTyc j .xAt;u COSLS buiucii  On l lêcâvy piOclUCuô l iJvc TIic cf  
fects of using ton-miles as the basis of assigning the fixed cost are 
show, by a comparison of the variable and fully allocated cost scales. 
The fully allocated cost for a 120,000 pound load in a covered hopper 
car ranges from 25 to 30 percent higher than the variable cost for the 
four railroad territories used in this study. In contrast, fully 
allocated costs for a 200,000 pound load range from 35 to 40 percent 
higher than the variable cost. 
The allocation of fixed costs on the basis of ton-miles also in­
creases the relative difference between variable and fully allocated 
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costs as distance increases. This seems to be particularly true of 
the Mountain Pacific Territory where the fully allocated cost of a 
200,000 pound load for a 2,000 mile trip increased 2.8 percent more 
than for the 100 mile distance. The smaller the payload, the greater 
the relative difference between the short and long haul increases 
resulting from the allocation of the fixed costs. For a 120,000 
pound load, the increase for the 2,000 mile haul is nearly 5 percent 
greater than for the 100 mile trip. 
For this study, variable costs scales are more important for their 
relationship with distance than their absolute level because they are 
used as the basis for computing several other cost levels; viz., the 
10 and 20 percent increase in rail costs, the multiple 50-car costs, 
and the alternate single-car costs. Also the variable costs are im­
portant from the standpoint of economic decision making. They are 
or else the haul should not be undertaken (37). The total costs must 
be recovered if the railroads are to survive on their own in the long 
run, but for individual products and hauls the least cost that can 
be recovered is the variable cost. 
Rail carload costs which are based on variable costs are esti­
mated by Equation 3-12. 
4 
(3-12) TC^. = Z C^..M .. + (T^+T^)/2 
1] ni] ni] 1 ] 
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where : 
TC^j = total rail cost of shipping grain k from producing , 
region i to consuming region j 
- rail cost per mile of shipping grain k in territory n 
= mileage from producing region i to consuming region j 
in territory n 
= terminal cost for grain k at origin i 
Tj = terminal cost for grain k at destination j 
The calculation of rail distances between the producing and 
consuming regions was done in two steps. The first step was the 
calculation of the total mileage matrix. The total rail distances 
were calculated from the Handy Railroad Atlas of the United States 
(53). The second step was the division of the total distances into the 
Tnilciarmc +-Vo+" lia T,?i +-V> n r» ••->> n -Fz-sn v vail vr> -5 r) vri +- -i r\ 
the distance between each origin and destination contained in each of 
the four railroad territories was estimated. These ratios were applied 
to the total distance to estimate the actual mileage within each 
territory. The ratios were approximated by the division of a linear 
path from the origin to destination into the segments within each of 
the territories. When the railroad obviously could not travel on an 
approximate straight line between an origin and destination, a potential 
rail path was estimated using straight line segments to calculate the 
ratios. This procedure provides accurate estimates of mileages within 
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the four territories when the ratios of the actual mileages to the 
linear distances are equal for each of the several territories included 
in a shipment. 
Adjustment for single rail car 
The load-weight capacity of a covered hopper car was based on 
the kind of grain hauled. The estimated capacity for corn, grain 
sorghum, soybeans, and wheat was 195,000 pounds. The estimated capacity 
was 117,500 pounds for barley and 118,000 pounds for oats. The smaller 
load weight for barley and oats is because of their lower density. 
The ICC cost scales only list load weights in 10,000 pound intervals. 
The cost for the precise capacities was estimated by interpolating 
between the two closest load weight classes. The ICC cost scales are 
given for ten distances which range from less than 100 miles—the 
average way train miles in the territory- to 2,000 miles. The scales, 
however, are constructed to be linear with respect to distance. The 
ICC cost scales for four territories are presented in the first six 
columns of Tables 7, 8, 9, and 10 and the weighed averages of the 
given capacities of 118,000, 177,500, 195,000 pounds are shown in the 
last three columns of the tables. The linear relationship '.vas calcu­
lated to make the rail cost estimations continuous with respect to 
mileage. The basic cost functions used are given in Table 11. The 
railroad cost per ton was calculated as the sum of the constant cost 
and the cost dependent on distance for the appropriate grain and 
territory. The cost related to distance was the product of the mileage 
Table 7. Carload mileage cost scales and unit costs for various weight loads based on year 
1969 operation in Territory I 
Short-line 
miles 
Variable cost 
1100 1200 1600 1800 1900 2000 
Weighted average of variable cost 
1180 1775 1950 
42 
100 
150 
200 
300 
400 
500 
1000 
1500 
2000 
10.9 
13.6 
16.0 
18.3 
23.0 
27.6 
32.3 
55.7 
79.1 
102.4 
10.1 
12.6 
14.8 
17.0 
21.4 
25.8 
30.2 
52.2 
74.1 
96.1 
7.8 
9.8 
11.7 
13.5 
17.1 
20. 7 
24.3 
42.4 
60.5 
78.6 
7.0 
8.9 
10.6 
12.3 
15.7 
19.0 
22.4 
39.2 
56.0 
72.8 
(Hundred weight) 
6,7 6.4 
8.6 
10.2 
8.2 
9.8 
11.8 11.4 
15.1 14.5 
18.3 17.7 
2 1 . 6  2 0 . 8  
37.8 36.6 
54.1 52.3 
70.3 68.1 
10.26 
12.30 
15.04 
17.26 
21.72 
26.16 
30.62 
52.90 
75.10 
97.36 
7.10 
9.03 
10.74 
12.45 
15.88 
19.21 
22. 64 
39.60 
56.56 
73.53 
8.95 
11.55 
13.80 
16.60 
20.40 
24.85 
29.75 
51.40 
73.55 
95.70 
^Rail carload cost scales by territories for the year 1969 (37) . 
Table 8. Carload mile^age cost scales and unit costs for various weight loads based on year 
1969 operation in Territory II 
Short-line Variable cost Weighted average of variable cost 
miles 1100 1200 1600 1800 1900 2000 1180 1775 1950 
(Hundred weight) 
80 9. 1 3, .5 6, .6 6. 0 5. 8 5. .6 8, .62 6. 11 7. 65 
100 9. 9 9 .2 7. 2 6, .6 6. 9 6. 1 9 .34 6. 68 8. 40 
150 11. ,8 11. 0 8. 8 8. .0 7. 7 7. 4 11, .16 8. ,10 10, .25 
200 13. ,7 12 , .8 10. 3 7. 4 9. 1 8. 7 12. .98 9. 51 12. 05 
300 17. ,5 16. 4 13. 3 12. 2 11. 8 11. ,4 16. 62 12. ,34 15. 70 
400 21. 4 20. ,0 16. 3 15 . 1 14. 5 14. 1 20. 28 15. , 25 19. ,40 
500 25. 2 23. 6 19. .3 17. ,9 17. 3 16. 7 23. 92 18. ,08 23. ,10 
1000 44. 4 41. 7 34. 4 31. ,9 30. 9 30. ,0 42. 24 32. ,21 41. ,45 
1500 63. 5 59. 8 49. ,5 46. , 0 44. 6 43. 3 60. 54 46. 44 59. 90 
2000 82. ,7 77. ,8 64. 5 60. ,1 58. 2 56. .6 78. 78 60. 65 78. 25 
^Rail carload cost scales by territory for the year 1969 (37). 
Table 9. Carload mileage cost scales and unit costs for various weight loads based on year 
1969 operations in Territory III 
Short-line 
miles 
47 
100 
150 
200 
300 
400 
500 
1000 
1500 
2000 
Variable cost 
1100 1200 1600 1800 1900 2000 
Weighted average of variable cost 
1180 1775 1950 
(Hundred weight) 
12.3 11.4 8.9 8.1 7.7 7.4 11.58 8.20 10.45 
13.6 12.6 9.9 9.0 8.6 8.3 12.80 9.11 11.70 
15.5 14.4 11.4 10.4 10.0 13.9 14.62 10.53 13.70 
17.5 16.3 13.0 11.9 11,4 15.8 16.54 12.04 15.60 
21.4 20.0 16.1 14.8 14.2 19.8 20.28 14.96 19.55 
25.3 23.7 19.2 17.7 17.1 23.7 24.02 17.89 23.45 
29.2 27.4 22.3 20.6 19.9 27.7 27.76 20.81 27.35 
48.8 45.8 37.7 35.0 33.9 47.4 46.40 35.34 46.90 
68.3 64.3 53.2 49.5 98.0 67.1 65.10 49.96 66.40 
87.9 82.8 68.7 64.0 62.0 86.9 83.82 46.59 86.00 
^Rail carload cost scales by territories for the year 1969 (37) . 
Table 10. Carload mileage cost scales and unit costs for various weight loads based on year 
1969 operations in Territory IV 
Short-line 
miles 
Variable cost 
1100 1200 1600 1800 1900 2000 
Weighted average of variable cost 
1180 1775 1950 
47 
100 
150 
200 
300 
400 
500 
1000 
1500 
2000 
9.8 
11. 9 
13.9 
15.9 
19.9 
23.9 
27.9 
47.8 
67.8 
87.8 
9.1 
11. 0 
12.9 
14.8 
18.6 
22.3 
26.1 
44.9 
63.7 
82.5 
7.0 
8.7 
10.2 
11.8 
14.9 
18.1 
21.2 
36.8 
52.5 
68.1 
6.3 
7.9 
9.3 
10 .8  
13.7 
1 6 . 6  
19.5 
34.1 
48.7 
63.3 
(Hundred weight) 
6.0 5.8 
7.5 
9.0 
7.2 
8.6 
10.4 10.0 
13.2 12.7 
16.0 15.5 
16.9 18.2 
33.0 32.0 
47.1 45.7 
61.3 59.5 
9..24 
11.18 
13.. 10 
15.02 
18.86 
22 .62 
26.46 
45.48 
64.52 
83.56 
6.39 
8.00 
9.41 
10.93 
13.85 
16.79 
19.71 
34.44 
49.18 
63.90 
8.20 
10.25 
12.25 
14.20 
18.15 
22.05 
26.00 
45.65 
65.30 
84.95 
^Hail carload cost scales by territories for the year 1969 (37). 
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Table 11. Estimated variable cost functions for single-car single-
trip rail shipments (cents per hundred weight) in 1969 
price 
Grain Territory Constant ^ 
Coefficient 
Wheat, soybeans, 
corn, and grain 
sorghum 
Southern 
Official 
Western 
Mountain 
4.4003 
6.4608 
5.6942 
7.0305 
.033416 
.039707 
.034631 
.034396 
Barley Southern 
Official 
Western 
Mountain 
4.7170 
7.0429 
6.2092 
7.7132 
.035274 
.042100 
.036544 
.036219 
Oats Southern 
Official 
Western 
Mountain 
7.0606 
10.4141 
9.2472 
11.2154 
.045348 
.055204 
.047225 
.046402 
and the mileage cost coefficient. The rail costs of Table 11 were 
converted from a cents per hundred weight to a dollars per ton basis. 
The constant term is a reflection of terminal costs. For inter-
territorial movements one-half the constant term was used for both the 
origination and the destination territories. If an origin or destina­
tion lies on the border of two territories, the location is assigned 
to the territory that had nonzero mileage for the particular movement. 
For example, if the trip was between Denver, Colorado, and San Francisco, 
California, then Denver was assigned to the Mountain Territory. Denver, 
on the other hand, was assigned to the Western Territory if the trip 
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was between Denver and Chicago, Illinois. 
Adjustments for multiple rail car 
There are no published comparable costs available for multiple-
car shipments. Existing combinations of car numbers and number of 
trips between origin and destination range from one-car on-trip hauls 
to 115-car (a full complement of a train) 45-trip (a continuous shuttle 
for an entire year) hauls. A middling combination of a 50-car one-trip 
railroad cost was estimated. The 50-car costs were calculated by 
adjusting the single-car variable costs presented above. 
Single-car and 50-car costs between each of ten origins and six 
destinations were computed using the railroad cost methodology developed 
for the Fort Dodge region study (8) . Costs were developed for all 
combinations of ten origins and six destinations. The origins used were 
LuVerne, Yetter, Pocahontas, Humboldt, Jolley, Pam Grove, Jewell, 
Farnhamville, Williams, and Angus, Iowa. The destinations used were 
Chicago, 111.; Pekin, 111.; Milwaukee, Wis.; Seattle, Wash.; Norfolk, 
Va.; and New Orleans, La.; or Houston, Texas. These costs were 
regressed on the distances between origins and destinations for each 
load weight class used; 1950, 1775, and 1180 hundred weight. The 
constant and distance coefficients that resulted from the regression 
are given in Table 12. Table 12 shows that the estimated savings of 
50-car relative to single-car costs are largely associated with the 
constant term; i.e., terminal costs. The data in Table 12 was used to 
estimate 50-car single-trip costs for the four railroad territories. 
Table 12. A comparison of the estimated single-car and 50-car variable costs in 1959 price 
(cents per hundred weight) 
Load 
weight 
(cwt.) 
Constant Term Distant Coefficient 
single-
car 
(cents/cwt.) 
50-car 
(cents/cwt.) 
ratio of 
50-car to 
single-car 
Single-
car 
(cents/cwt.) 
50-car 
(cents/cwt.) 
ratio of 
50-car to 
single-car 
1950 
1775 
1180 
5.5103 
7.4950 
10.9991 
2.8987 
3.9343 
5.8126 
.526 
.525 
.528 
.025602 
.033574 
.043816 
.025400 
.033163 
.042448 
.992 
.988 
.969 
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The ratios of the 50-car to the single-car costs given in Table 12 
were multiplied by the single-car costs given in Table 11. This 
procedure makes the implicit assumption that the relationship between 
the single-car and 50-car costs is identical for all four railroad 
territories. The 50-car costs are presented in Table 13. 
Table 13. Estimated variable cost functions for 50-car single-trip 
rail shipments (cents per hundred weight) in 1969 price) 
Grain Territory Constant • 
Coefficient 
Wheat, soybeans, Southern 2.3148 .033155 
corn, and grain Official 3.3987 .039396 
sorghum Western 2.9955 .034360 
Mountain 3.6984 .034127 
Barley Southern 2.4762 .034841 
Official 3.6971 .041584 
Western 3.2594 .036096 
Mountain 4.0489 .035775 
Oats soiirhprn 3.7350 .043932 
Official 5.5035 .053480 
Western 4.8868 .045750 
Mountain 5.9270 .044953 
Alternate rail cost adjustments. 
Another set of rail cost functions was computed to alter the 
relationship between cost and distance. The constant terms were in­
creased 50 percent while the mileage coefficients were decreased by 
10 percent compared to the single-car costs in Table 11. The percentage 
changes were arbitrarily selected so that the costs for a trip of 
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intermediate length, 800-900 miles, would have approximately the same 
cost as the original single-car cost. The alternative single-car costs 
are given in Table 14. 
Table 14. Estimated alternative variable cost functions for single-car 
single-trip rail shipments (cents per hundred weight) in 
1969 price 
Grain Territory Constant Mileage 
Coefficient 
Wheat, soybeans, 
corn, and grain 
sorghum 
Southern 
Official 
Western 
Mountain 
6.6005 
9.6912 
8.5413 
10.5458 
.030074 
.035735 
.031167 
.030956 
Barley Southern 
Official 
Western 
Mountain 
7.07556 
10.5644 
9.3138 
11.5698 
.031747 
.037891 
.032890 
.032597 
Oats Southern 
Official 
Western 
Mountain 
10.6045 
15.6212 
13.8708 
16.8231 
.040814 
.049684 
.042503 
.041762 
Adjustments of 1969 costs to reflect wage-price level changes 
The ICC Scale is based upon 1969 rail operating costs , and does 
not contain adjustments reflecting wage and price level changes for 
subsequent years. There are no published railroad cost indices which 
incorporate all railroad costs. A cost index based on wage rates, 
fringe benefits, and all materials is published by the Association of 
American Railroads. Since in this AAR index wages and fringe benefit 
81 
costs have increased more rapidly than other costs during the period 
1959-72 the heavy weighting of the wages and fringe benefits tends to 
bias the index upward. 
An alternative cost index was developed to remove much of this 
upward bias. The index used is a base period type known as the 
Laspeyre index. The formula for this index is: 
(3-13) L , . ' 
oi E p ,0 , 
^ oi oi 
where : 
= base period price level 
P^ = price level in the year under consideration 
= base period quantities 
and 
i is an index of commodities. By definition this index holds rhe 
quantity inputs constant over the two years. 
In constructing this revised index, it was assumed that the 
cost of inputs other than wages, fringe benefits, and nonfuel materials 
and supplies increased at same rate as fuel. Data for constructing 
the index were obtained from the 1973 Yearbook of railroad facts (2)• 
Using this procedure, the estimated change in the railroad cost 
level from 1969 to 1972 is 24.5 percent. 
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Adjustment for feed grain, wheat and soybeans including handling charges 
The rail transportation costs of shipping wheat and soybeans are 
obtained without any adjustment because both grains have the same 
constant and mileage coefficients. Feed grain is the combination of 
corn, grain sorghum, barley, and oats and each of these grains has dif­
ferent hundred weight for one jumbo hopper car. Thus, it is necessary 
to make special adjustments to calculate transportation costs of ship­
ping feed grain. The transportation costs for feed grain, wheat, and 
soybeans by railroad through the United States are estimated by 
Equation 3-14 and 3-15. 
4 
(3-14) Tc". = Ta. = Z [C^..M .. + (T^+T^)/2]L +H 
ID 1] ni] ni] ID ol 
n—1 
4 4 
f V k k 
rpn" = V r V n" M 4. fT J-rn ^ /9IT. 4.H 
.... ol -k 
where: 
w TC^j = rail cost of shipping wheat from producing region i to 
consuming region j 
S 
TC^j - rail cost cf shipping soybeans from producing region i to 
consuming region j 
= defined previously 
M .. = defined previously 
niD 
Tj. = defined previously 
Tj = defined previously 
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L , = Laspeyre index 
O-L 
H = handling cost 
k = index number for crop. 
Cost of Shipping Grain via Inland 
Waterways 
The waterway transportation in the United States is important 
in shipping grain from producing regions to consuming regions. The 
Mississippi River system links major areas of grain production to 
deficit areas in the South and East, and the ports of the Gulf of 
Mexico. 
The Columbia-Snake River system and the Great Lakes are the other 
major inland waterways that provide interregional navigation systems 
for grain transportation. The domestic flows of grain on the Great 
Lakes consists of shipping wheat from Duluth-Superior to Buffalo, New 
York (43). Most of the grain shipped on the Columbia-Snake River system 
is wheat produced "in Washington, Oregon, and Idaho. 
There are a large number of facilities on the inland waterways 
that can receive and load grain. They are listed in Table 4 and shown 
1^1 L.C^ .  ^ U. ^ XICAVW 
facilities for both loading and unloading grains from barges except 
five locations - East Liverpool, Ohio; Marietta, Alabama; Portsmouth, 
Ohio; Charleston, West Virginia; and Birmingport, Alabama - have no 
facilities. However, these five locations are potential water access 
points for producing and consuming regions in the model. It is assumed 
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each of the water access points can receive or load grain via truck, 
rail, or water at a cost identical to that experienced by comparable 
locations. Since the handling costs for elevators was based on the 
replacement costs, current existence of facilities is an unessential 
criteria for this study. The Mississippi and Colimbia-Snake River 
systems are divided into 20 different river sections for more realistic 
estimation of barge transportation hauling grain. These river sections 
are shown in Figure 9. Barging cost for grain varies largely between 
river sections. 
The transportation cost of shipping grain via waterway depends 
upon the river sections, the barge and towboat used, the grain hauled, 
and extent of goods barged in the opposite direction. 
Barging costs are divided into four basic classes: (1) towing, 
(2) investment, (3) switching and fleeting and (4) other. Towing 
costs represent the cost of using tow boat facilities to move the barge 
from one water access point to another. This towing cost depends on 
trip distance and water section. The investment cost is the ownership 
cost of the barge and depends on the kind of barge used. Switching 
cost is defined as the cost of having a local tugboat (or river 
towboat when no tugs are available) connecting the barge from the 
towboat to the fleet, and again from the fleet to the towboat. The 
fleeting cost is defined as the cost per day of leaving the barge in a 
19 
20 
10 
15 
16 
Figure 9. water sections for waterway transportation costs 
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fleet.^ Any other harbor costs were included in other costs. Other 
costs for barges include insurance, maintenance, repairs, cleaning, 
taxes, administration, and general overhead. Thus, the water trans­
portation costs are estimated in the following Equation 3-16. 
(3-16) TC^. = FC.. + Ï (T ..+T^..)M 
1] 1] nul] ndi] ni] 
where : 
TC^j = total water transportation cost per round trip of 
shipping grain k from water point i to water point j 
FC^j = total fixed cost per round trip of shipping grain from 
water point i to water point j 
T^uij ~ upstream towing cost per mile in water section n on given 
water transportation route between two water points 
T ,.. = downstream towing cost per mile in water section n 
ndi] 
on given water transportation route between two water 
points 
= miles in water section n on given water transportation 
between two water points 
and the fixed cost was defined as follows; 
FC..=I..+S..+0.. 
1] 1] 1] . 1] 
Fleet is used in this report to mean the collection of barges that 
are parked in a harbor waiting to either joint a towboat and proceed 
on the river or move to an elevator to be loaded or unloaded. Simply, 
it may be considered as a parking lot for barges. 
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where : 
= investment cost per round trip between two water points 
Sij = switching and fleeting cost per round trip between two 
water points 
= miscellaneous costs per round trip between two water 
points 
Fixed barge transportation cost 
Barge investment cost The investment cost for a specific trip 
is the product of the number of days required to make the trip and the 
daily barge investment cost. The daily barge cost is 1/365 of the 
annual equivalent cost (A.E.C.). (A.E.G.) may in turn be defined as 
the share of the depreciation and interest costs for an investment with 
a life of several years. It is computed for by Equation 3-17. 
(3-17) A.E.G. ] p -[ ^ ] Fs 
(l+i)"-l (1+I)"-1 
where : 
(A;E• C« ) 
l i j  =  — ( d a y s  r e q u i r e d  f o r  r o u n d  t r i p )  
? = purchase price 
Ps = salvage value 
i = interest rate . 
n = length of life or ownership of the equipment 
lij = defined previously 
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For barges on the Mississippi River system, including the Gulf, 
the cost of a barge was estimated at $125,000. The actual cost de­
pends on the particular construction specifications. It was assumed 
that the representative barge in this study was a "jumbo covered 
hopper" barge with dimensions of 195' x 35' x 12' and a capacity of 
1,400 tons with a 9 foot draft. The life of a barge was estimated at 
23 years. Grain is a cargo that imposes relatively little wear and 
tear on barges. Other cargos such as coal, fertilizer, or salt are 
more abrasive and caustic. Consequently, the life for barges hauling 
grain is estimated to be relatively long. After 23 years the barges 
are estimated to have a salvage value of $1,000. The basic A.E.G. 
is $12,036.08 or $32.97 per day. The investment cost for barges 
servicing in Tampa was estimated at 185% of the basic A.E.G. investment 
cost. These barges must cross the open Gulf waters and consequently re­
quire I'pinforned construction. 
The procedure to determine the investment cost for barges on the 
Columbia-Snake was identical to that for the Mississippi system with 
the exception of one major change. 
In the Columbia-Snake River, the initial cost was increased to 
$425,000 and the salvage value of barges was increased to $3,400. The 
investment cost is higher because the barges have a much different 
construction with dimensions of 250' x 42' x 12' and a capacity of 
2,500 tons. They have electrical screw augers that deliver the grain 
to a central dump from which the marine leg of the elevator can readily 
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unload the barge. In addition, they have self-trimming devices for 
loading. These loading and unloading aids reduce the elevation costs. 
Except for the Gulf ports, elevator receiving costs on the Columbia-
Snake are the lowest. The ports on the Gulf have even lower handling 
costs, apparently because of scale economies resulting from large 
volumes. The basic A.E.G. is $40,922.67 or $112.12 per day. 
Not all barges operating on the Columbia-Snake are the same size. 
They range in capacity from 1,000 tons to 2,500 tons. For this study 
it was assumed that all barges on the Columbia-Snake are of the 2,500-
ton variety. 
The time required to complete a trip depends on the origin, 
destination and route followed. The actual towing time required was 
determined by dividing the river miles by the average speed for the 
appropriate river section as given in Table 15. Most of the river miles 
were taken from Volume V of the 1969 Light List (62). The speed and 
mileages for the Tombigbee, Fulg, and Arkansas Rivers were received 
from barge operators traveling on those river sections. In addition 
to the time required for towing, time is needed for switching, normal 
delays, loading, unloading, and waiting for a towboat. Normal times for 
loading, unloading, waiting for a towboat, and delays other than those 
included in Table 16 were estimated at 20 days for a round trip between 
any two water access points. The barge travel time adjustments listed 
in Table 16 are required when a barge changes river sections and 
consequently is likely to change towboats. The adjustments are for 
Table 15. Barge capacity, towing speed and basic towing cost by river section 
River section 
Barge 
capacity 
(tons) 
max. Tciin. 
Speed 
(mph) 
up- down­
stream stream 
Basic Towing Cost 
Upstream 
empty loaded 
$/mile mills/ 
ton-mile 
Downstream 
empty loaded 
$/mile mills/ 
ton-mile 
Mississippi 
1. above St. Louis 1400 1300 5. 0 5. 0 .75 1. 50 .75 1 .50 
2. below St. Louis 1400 1300 4. 6 8. 1 .65 • 88 .37 .5 
Illinois Waterway 1400 1300 4. 25 4. 25 .65 1. 50 .65 1 
o
 
LO 
3. Arkansas-Catoosa, 
Okla. 
4. Dardanelle to mouth 1400 1300 4. 5 4. 5 1 .00 3. 25 1.00 3 .00 
5. Dardanelle-Little Rock 1400 1300 4. 5 4. 5 1 .00 3. 5 1.00 3 .00 
6. Little Rock-mouth 1400 1300 4. 5 4. 5 1 .00 3. 25 1.00 3 .50 
7. Ohio 1400 1300 5 6 .75 2. 00 .75 1 .4 
8. Tennessee 1400 1300 5 6 .65 1. 75 .65 1 .75 
Missouri 
9. Sioux City-Omaha 1050 1050 3. 5 9 3 .00 5. 55 1.50 3 .25 
10. Omaha-Kansas city 1050 1050 3. 5 9 2 .50 4. 05 1.35 2 .80 
11. Kansas City-St. Louis 1050 1050 3. 5 9 2 .25 4. 0 1.25 2 .80 
12. White 1050 1050 4. 0 3. 5 2 .50 6. 30 2.50 5 .80 
13. Cumberland 1400 1300 5. 0 5. 0 1 .00 2. 50 H
 
O
 
O
 
2 .50 
14. Tombigbee 1400 1300 5. 0 5. 0 1 .50 4. 00 1.50 4 .00 
Table 15 (Continued) 
Barge Speed gasic Towing Cost 
, , , Upstream Downstream 
capaci y mp empty loaded empty loaded 
(tons) up down $/mile mills/ $/mile mills/ 
max. mm. stream stream ton-mile ton-mile 
Gulf 
15. New Orleans-Houston 
Houston- 1400 1300 3 3 1.50 2.50 1.50 2.50 
16. Corpus Christi 1400 1300 3 3 1.50 4.60 1.50 4.60 
17. New Orleans-Mobile 1400 1300 2 2 1.50 4.00 1.50 4.00 
18. New Orleans and 
Mobile-Tampa 1250 1250 3. 9 3. 9 4.00 4.25 4.00 4.25 
19. Columbia 2500 2500 5. 5 6. 5 2.94 1.54 2.94 1.54 
20. Snake 2500 2500 5. 5 6. 5 3.46 1.85 3.46 1.85 
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Table 16. Time adjustments for barge travel 
River section junction Days 
encountered enroute lost gained 
St. Louis 8 
New Orleans 6 
Mobile 6 
Mississippi River and the Port Allen cutoff 
for the Intracoastal Canal (applies only 
to traffic entering or leaving the Port 
Allen cutoff) 5 
Ohio and Mississippi Rivers (applies only 
to Ohio River traffic entering from or 
leaving to the south on the Mississippi) 6 
Ohio and Tennessee Rivers (applies only to 
Tennessee River traffic entering from or 
leaving to the northeast on the Ohio) 6 
Mississippi and Arkansas Rivers 12 
Mississippi and White Rivers 12 
Arkansas and White Rivers 12 
Mississippi River and Illinois Waterway 
(applies only to Illinois Waterway traffic 
entering from or leaving to the north on the 
Mississippi) 1.25 b 
Mississippi and Missouri Rivers (applies only 
to Missouri River traffic entering from or 
leaving to the north on the Mississippi) .5 
Ohio and Cumberland Rivers 6 
Ohio and Kanawha Rivers 5 
^Junctions that are origins or destinations for a specific trip 
are not considered to be junctions encountered enroute for that trip. 
^Does not apply for fleeting. 
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Table 16 (Continued) 
River section junction 
encountered enroute 
DaysC 
lost gained 
Illinois Waterway north and south of 
Morris, 111. (includes switching 
at Lemont, 111.) 3 
Columbia and Snake Rivers 1 
c 
Only 8 of the 10 days apply for fleeting. 
round trips. It is estimated that three days one-way—six days for a 
round trip—delay generally result from a change of river sections. A 
one-way delay of four days is estimated for St. Louis because of con­
gestion. One-way delays of six days are estimated for the White and 
Arkansas Rivers because of the infrequency of traffic through these 
junctions. The days gained in Table 16 are a result of not requiring 
barges that move between the Missouri River, Upper Mississippi River, 
and Illinois Waterway to go all the way to St. Louis to switch. How­
ever, the four day switching delay was maintained. The five-day travel 
time between Morris and Chicago is a result of two-stage switching. 
Usually barges are switched at Morris and at Lemont. It is estimated 
that barges wait two days at Morris, spend one day traveling from 
Morris to Lemont, and take two days for switching at Lemont. The 
round trip requires 10 days. 
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Switching and fleeting costs A minimum of eight switches on 
the Mississippi system are required for a round-trip. The barge must 
be moved from the tow to the fleet, the fleet to the elevator, the 
elevator to the fleet, and then back again from the fleet to the tow-
boat at both the origin and destination. Each switch was estimated to 
cost $30. Hence, switching costs for a trip with a minimum of eight 
switches was estimated to be $240. 
Switching costs in reality vary from one location to another in 
the Mississippi River system. A major factor causing this variation 
is the proximity of the fleeting area to the elevator. In some loca­
tions, e.g., the Missouri River, the towboats themselves must place 
the barges at the elevator because there are no local tugs available. 
Each switch performed by a river boat is more expensive because those 
boats are larger, than the local tugs. While river boat switching is 
more expensive per hour, the total cost is unchanged because the two-
stage switch between tow and elevator can be integrated into one 
switch. 
When a barge changes towboats at a junction of two river sections, 
additional switching costs are encountered. For each such junction, 
four additiûncil Switches aie required for à rounu trip. The barge must 
be taken from one tow to the fleet where it waits for its next tow. 
When the tow does arrive, the barge must be switched from the fleet 
to the tow. The return trip requires two comparable switches. Again 
these switching costs were estimated at $30 each for a total of $120 
for each switching junction. Additional switches above the minimum 
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were estimated to be required for the following passages: 
1) Through, but not to or from, St. Louis, New Orleans, and 
Mobile; 
2) Through, but not to or from. Baton Rouge on the Port Allen 
cutoff for the Intra-coastal Canal; 
3) Between the Kanawha and the Ohio; 
4) Between the Cumberland and the Ohio; 
5) Between the Tennessee and the Ohio above the mouth of 
the Tennessee^; 
6) Between the White and the Mississippi; 
7) Between the White and the Arkansas; 
8) Between the Arkansas and the Mississippi; 
9) Between the Missouri and the Mississippi, except for 
connection with the Illinois Waterway; 
10) Between the Illinois Waterway and the Mississippi, except for 
connection with the Missouri; 
11) Between the Illinois Waterway and the Missouri; 
12) Between the Columbia and the Snake 
There are special switching costs from Morris.- Tllinnis.. to 
Chicago. The switch is made in two stages as discussed above under 
"Investment costs on the Mississippi System". The round-trip cost of 
^The towboats that operate on the Tennessee generally service 
Cairo and/or St. Louis. Consequently, no switching is required when 
traffic moves through Cairo to the Tennessee. 
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the Morris-Chicago switch was estimated at $700. 
Fleeting costs in the Mississippi system occur when a barge is 
waiting to be moved to an elevator or to a towboat. Fleeting costs 
were estimated at $6 per day for each day or part thereof. Barges 
were assumed to be in a fleet the same number of days as there are non-
travel days. A minimum of twenty days nontravel time was estimated 
for each round trip. Additional delays that result in fleeting costs 
were estimated to be the same as those given in Table 16 with the ex­
ceptions that the reductions relating to travel times between the Upper 
Mississippi, Missouri, and Illinois Waterway do not apply, and only 
eight of the ten days for the Morris-Chicago route apply because two 
days were estimated for travel time between Morris and Lemont. The 
total fleeting charge for a trip was calculated as the product of the 
estimated fleeting cost per day and the number of days the barge was 
estimated to be in a fleet. 
At many locations on the Columbia and Snake Rivers there are no 
local tugs. Consequently, the river towboat itself must pick-up and 
place the barges at their precise desired location. One-half hour to 
towboat time for each pick-up or drop-off was used as the basis to 
estimate the switching costs. The towboat costs per hour are described 
under the section above pertaining to towing costs on the Columbia-
Snake . 
The fleeting costs in the Columbia-Snake were estimated at $6 
per day for four days for each round trip. Because the Columbia and 
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Table 17. Adjustments complementary to the basic barge towing costs 
Travel loaded from St. Louis to 
Cairo (for further travel up 
the Ohio): 
Travel loaded from Cairo to St. 
Louis (having originated on 
the Ohio River System); 
Travel between the Missouri and 
Illinois Waterway: 
add 1.25 mills/ton-mile 
add 2.2 mills/ton-mile 
add 0.5 mills/ton-mile 
add 15% of the basic cost 
subtract $216.50 
subtract $85.50 
subtract $85.50 
Load originates at Greenville, Miss, 
or below Greenville on the Mississippi 
River and travels downstream to a 
destination on the Mississippi: 
Travel on Upper Mississippi or Ohio 
River is less than 400 miles one-way: 
Travel between the Illinois Waterway 
and the Mississippi above the mouth 
of the Illinois Waterway; 
Travel between the Missouri and Upper 
Mississippi; 
Snake Rivers are relatively short river sections, the towboats service 
each location frequently and barges need wait only a short time for 
a towboat. 
Other barge costs Insurance, maintenance, repairs, administra­
tion, taxes, cleaning, and harbor costs were grouped into other costs. 
In the Mississippi River, cleaning costs were estimated at $100 per 
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round trip for each barge. The major Gulf ports have extra large 
switching costs as well as other special port fees. The harbor costs 
for New Orleans and Mobile were estimated at $140 per entry into these 
ports for loading or unloading. The comparable costs for Houston and 
Corpus Christi were estimated at $160. The remaining other costs were 
estimated on a perdiem per barge basis as follows: Insurance, $1.50; 
maintenance and repair, $3.50; administration and taxes, $9.00. These 
"other costs" cover the costs of a barge only. They do not include 
any towboat costs. Administration costs are the general overhead costs 
estimated to be encountered by a barge operating firm. The estimated 
number of days used to compute these costs for each trip was identical 
to those used for the barge investment costs described above. 
The magnitude of these costs vary in part with the size of the 
barge firm. The costs estimates used reflect a relatively large 
operation. A smaller operation may be expected to have larger insurance 
and smaller administrative coats. No additional time has been allocated 
for the repair and maintenance of barges because they are generally 
repaired while they are awaiting a tugboat. 
The daily "other costs" on the Columbia-Snake were estimated to 
be the same as for the Mississippi System except that insurance, 
maintenance and repair costs were increased because of the greater 
navigational hazards and more valuable equipment. Insurance costs 
were estimated at $28.88 and maintenance and repair at $5.00 per day 
per barge. The $100 cleaning cost was included for each trip and the 
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remaining "other costs" were determined as the product of their 
perdiem costs and the number of days required for the trip. Again 
the days required was identical to the days allocated per trip for the 
barge investment cost. 
Variable cost for barge transportation 
The total variable cost in shipping grain by barge is represented 
by towing cost. In this study, the towing costs were estimated as the 
reciprocal towing charge that towing companies charge each other. 
The basic towing charges cire given in Table 15. Some regional 
adjustments to the basic barge towing costs are in Table 17. The 
first two adjustments in Table 17 were included because the Lower 
Mississippi charges were based on a continuation of the trip below 
Cairo. The Lower Mississippi costs are very low and cannot be used for 
the short distance between St. Louis and Cairo. These two cost adjust­
ments v.'3r£ based cr. the acsuniption that the barge would lemaiu with the 
same tow between St. Louis-Cairo as they were with on the Ohio. If 
they switched towboats at Cairo, they would encounter a one-way.- three-
day delay (six days for a round-trip). The extra charge is higher for 
a loaded barge moving from Cairo to St. Louis because of the downstream 
speed is much faster. 
The costs of transport on the section of the Mississippi below 
Greenville, Mississippi, were increased because most southbound tows 
already have a full complement of barges by the time they are that far 
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south. If they don't, and can pick-up additional barges, it means they 
have had to forego the revenue they could have received by taking on 
more barges further upstream. If the higher tow costs are not paid, 
it may mean that the loaded barges would sit idle in a fleet for 
several extra days waiting to join a tow. 
The towing cost for short trips on the Upper Mississippi and Ohio 
were increased because the towing charges used in Table 15 are for 
long hauls and have a 400 mile minimum distance associated with them. 
For example, on the Ohio the short haul charge is 1.6 mills per ton-
mile for hauls less than 400 miles. The navigation factors are rela­
tively constant throughout the lengths of these river sections. The 
lower long distance costs reflect the efficiency of long hauls with 
fewer interruptions for adding or dropping barges from the tow. 
When routes can be shortened by avoiding back-tracking, some of 
eue trip's towing cost cctii be saved. Recall that travel time was 
saved by assuming that barges did not go all the way to St. Louis when 
they moved between the Missouri, the Upper Mississippi, and the 
Illinois Waterway. The reduction in towing cost in Table 17 between 
those river sections is the counterpart of the time saved shown in 
Table 16, 
Towing charges were not as readily available for the Columbia-
Snake as for the Mississippi River System because the former network 
is not nearly as large as the latter. Consequently, towing costs were 
based on the estimated cost of operating towboats on the Columbia-
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Snake. A full tow on the Columbia River is four barges and on the 
Snake River it is two. Larger towboats with 3,200 horsepower are used 
on the Columbia River. Their operating cost was estimated at $100 per 
hour. The operating cost of smaller towboats which work on the Snake 
River was estimated at $60 per hour. These costs, the number of barges 
per tow, the capacity per barge, and the speeds listed in Table 15 
were used to derive the towing cost in mills per ton-mile. Empty barges 
were assumed to be towed at a cost of 75 percent of the towing cost for 
loaded barges. The 75 percent was derived from the relationship between 
loaded and empty published towing rate (51). 
Adjustments for feed grain, wheat and soybeans including handling charge 
The previous section described the methodology and estimated costs 
of shipping a barge-load of grain, but grain is usually not measured 
in barge-load units. The unit of grain chosen as a standard for com­
parison of costs of shipping grain via different modes of transport 
was the ton (2,000 lbs.). Consequently, it was necessary to divide 
the total barge cost for a trip by the number of tons hauled. 
The number of tons hauled for a given trip was based on the 
capacity of the river section with the smallest capacity of all river 
sections used for the trip and the density of the grain hauled. The 
capacity constraints for the river sections was given in Table 15 
above. For all river sections the maximum capacities are the ef­
fective capacities for wheat, corn, and grain sorghum. However, in 
the case of oats and barley the volume capacity of the barge is more 
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restrictive because of the lower densities of these grains. On the 
Mississippi River system, the payloads were estimated at 880 tons for 
oats and 1,300 tons for barley. On the Columbia-Snake the payloads 
were estimated 1,550 tons for oats and 2,325 tons for barley. 
For loads above minimum tonnages the barge towing costs were 
based on the actual weight of the payload. However, if the payload 
tonnage was less than the minimum tonnage, then the towing cost 
was based on the minimum tonnage in Table 15. The effect of these 
capacity constraints and minimum costs was to increase the per ton 
transportation cost of low density grains. For example, if oats were 
to be shipped from Minneapolis to New Orleans via barge, a barge would 
only hold 880 tons but the cost would be the same as if 1,300 tons 
were hauled. 
The mix of grains shipped from a producing region to a consuming 
région was no problem when grains were transported independently. 
However, it was necessary to combine corn, grain sorghum, barley, and 
oats into one class of grain called feed grain. The shipping costs for 
feed grain were calculated as the weighted costs of shipping these 
four grains independently. 
Domestic shipments of grain via the Great Lakes as noted above 
have been almost completely limited to shipping wheat from Duluth-
Superior to Buffalo. A preliminary analysis of the cost of shipping 
grain via rail or via the Great Lakes indicated that grain from only 
some of the producing regions in the northern Midwest and Northern 
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Plains would travel via the Great Lakes. Since grain historically 
has moved from the Midwest to the East on the Great Lakes, the alterna­
tives of shipping grain in the reverse direction were not built into 
the model. Grain from producing regions 78-84 and 136-139 inclusive 
were permitted to ship grain via the Great Lakes to Buffalo, con­
suming Region 7. 
Buffalo, New York is the only consuming region given access to the 
Great Lakes in the model. If grain were permitted to be transhipped 
from Buffalo to other eastern consuming centers, the grain would en­
counter loading charges at Buffalo and unloading charges again at its 
final destination. These handling charges together with the shipping 
costs make this alternative more expensive than direct rail shipment 
given the costs in the study. 
Shipping costs of grain on the Great Lakes was estimated at $.15 
companies and carriers on the Great Lakes for shipment between Duluth-
Superior and Buffalo.^ A more detailed analysis would have involved 
an in-depth study of Great Lakes shipping. Some ships, because of 
their size, are locked into the Great Lakes and cannot compete for ocean 
trade. Shipping on the Great Lakes is unique, but it has a relatively 
small influence on domestic grain shipping. Consequently, further 
analysis of the Great Lakes was deemed unnecessary for this report. 
^The cost estimates, which include insurance, are based on conver­
sations with representatives of the Great Lakes Carriers' Association 
and grain companies which were familiar with these shipments. 
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The Great Lakes' access to ocean shipping was not constrained by 
the analysis of domestic shipping on the Great Lakes. Duluth-Superior, 
Chicago, and Toledo were used as collection points for grain exports 
via the Great Lakes. 
Thus, the water transportation cost of shipping grain was esti­
mated by Equations 3-18 and 3-19. 
I..+S..+0..+ (T .. T .)M .. 
W S 1] nuiD-ndiD ni] 
(3-18) TC. . = TC. . = r 1 + H 
1] 1] 
. I. .+S. .+0. .+ (T . ,+T .) 
f 4 1] 1] 1] . nul] ndii 
(3-19) TC.. = E ([ -G-!: ] + H IF., 
" k-l x" 
where : 
W 
TC.. = the water transportation cost per ton of shipping wheat j-j 
from water point i to water point j 
g 
TC^j = the water transportation cost of shipping soybeans from 
water point i to water point j 
= investment cost per round trip between two water points 
= switcliiny àad fleeting cost per round trip between two 
water points 
= miscellaneous costs per round trip between two water 
points 
Tnuij = upstream towing cost per mile in water section n on given 
water transportation route between two water points 
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T ,.. = downstream towing cost per mile in water section n on 
ndi] 
given water transportation route between two water 
points 
If 
X = number of tons of grain k hauled per trip 
H = defined previously 
= defined previously 
Crop Production Cost and 
Yields 
The models require yields and production costs for 478 combina­
tions of crops and producing regions. The development of these yields 
and costs requires a substantial research effort, which fortunately 
could be minimized by capitalizing on previous work at Iowa State Uni­
versity. Beginning with a study by Heady and Egbert in 1958, there has 
been a tradition of applying linear programming models for national 
farm policy analysis and related issues (19) . 
Yield estimation 
Yield estimates for 1980 are obtained by adjusting and updating 
the yields of an earlier model (30, 47). The 150 producing regions 
of the former model precisely coincide with the 152 producing regions 
for this study, except region 71 in the former study is partitioned 
into Regions 71, 151, and 152. The yields of Regions 71, 151, and 152 
are based on their relative yields reported in the 1969 Census of 
Agriculture (99). The ratios of the producing region yields to the 
106 
state yields developed from the earlier model by Heady, Mayer, and Madsen 
and projected state yields for 1980 are used to project the producing 
region yields by Equation 3-20. 
\u,ao = 
where : 
^kil980 ~ estimated 1980 yield of crop k in producing region i 
Y, ,„„„ = estimated 1980 yield of crop k in state s 
ksl980 
^kil969 ~ yield of crop k in region i as reported by the 1969 
Census of Agriculture (99) 
^ksl969 ~ yield of crop k in state s as reported by the 1969 
Census of Agriculture. 
Estimated state yield for 1980 are derived from the methodology 
by Stoecker (59). Stoecker projects state crop yields on the basis of 
historical trends, fertilization, and irrigated acreage. Irrigation 
is significant only for the 17 states west of and including the tier 
of states from North Dakota to Texas. The projected state yields for 
both irrigated and dryland acreages are a function of time, the rate 
o£ fertilizaLiou, and the percentage of the acrcage fertilized. The 
following is a brief summary of the methodology used by Stoecker to 
estimate yields of crops by state in 1980. The estimated yields for 
1980 by producing region are presented in Table 96 of Appendix A. 
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The estimation of crop yield for the 31 eastern states For each 
state and crop, response to fertilization was assumed to be given by a 
single variable Spillman function in Equation 3-21. 
\s 
0-21) - A R 
where : 
= the average per acre yield for crop k in state s obtained 
from acreage grown under fertilization 
= the maximum physically obtainable yield for crop k in 
state s 
A = the maximum amount of response obtainable from fertilization 
A is assumed to be constant 
R = the ratio of successive marginal products R is held constant 
at 0.8 for all crops and unit of fertilizer is redefined 
= the quantity of fertilizer applied per acre for crop k 
in state s 
The reported state yield is a weighted average of the yields from 
fertilized and unfertilized acres as shown in Equation 3-22. 
(3-22) YS, = F YF, + (1-F )Y0 
ks ks ks ks ks 
where : 
YS^g = the weighted average per acre yield for crop k in 
state s 
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= the proportion of acreage receiving fertilization 
YF^g = defined previously 
= the average per acre yield for crop k in state s 
obtained from acreage grown without fertilization 
The maximum physically obtainable yield (M^^) is the sum of the 
yield obtained without fertilization and the maximum amount of response 
obtained from fertilization as shown in Equation 3-23. 
(3-23) M = YO + A 
ns ns 
Thus, the Spillman production function in Equation 3-21 may be 
expressed as: 
X 
(3-24) YF = YO + A(l-R "^) 
ns ns 
It was assumed that genetic changes and improved management tech­
nique affected neither the rate of crop response nor the total potential 
crop response from fertilization. Therefore, the unfertilized yield 
was expressed as a simple linear trend in Equation 3-25. 
(3-25) YO ^ + a t + e 
nst 0 1 
By substituting Equation 3-22 and 3-23 into Equation 3-20, the 
state yield for crop k in state s in year t is obtained as follows: 
*kst (3-26) YS, , = a. + a,t + F -A-(1-R ) + e 
kst 0 1 ks 
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A projection from Equation 3-24 requires estimates of the propor­
tion of the acreage receiving fertilizer and of the quantity of 
fertilizer applied per acre. Projections of fertilizer application 
rates and the projected proportion of acreage receiving fertilizer was 
based on a historical linear trend analysis as follows: 
fkst " fo + 'it * " 
(3-28) + V 
Therefore, crop yield projections at the state level for 1980 can be 
made by Equations 3-26, 3-27, and 3-28. 
(3-29) 1980 " % °Ï^1980 ^ks 1980'^' ^ 
F  = f + f T  + u  
ks 1980 0 1 1980 
1980 * '^0 + 31^1980 * " 
The estimation of crop yield for the 17 western states The 
estimation of crop yields for the 17 western states was complicated by 
changing proportions of the crop acreage under irrigation. Thus, it 
is required to adopt the different fertilization rates as well as dif­
ferent rates of yield response tô fertilization between irrigated and 
nonirrigated crops. The procedure for the 17 western states was to 
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hypothesize separate changes in crops grown under irrigation and in 
crops not grown under irrigation. Assume that the respective yields on 
irrigated and nonirrigated acreage follows the simple linear trends 
as follows. 
grown under fertilization with irrigation for crop k 
in state s in year t 
Y^st ~ the average per acre yield obtained from the average 
grown under fertilization without irrigation for crop k 
in state s in year t 
These equations are expanded to incorporate fertilizer responses of 
irrigated and nonirrigated crops as shown in the following equations. 
where : 
Y^ = the average per acre yield obtained from the average 
) + e 
Ill 
where : 
F^st ~ the proportion of acreage receiving fertilization with 
irrigation 
F^st ~ the proportion of acreage receiving fertilization without 
irrigation 
= the quantity of fertilizer applied per acre with 
irrigation 
= the quantity of fertilizer applied per acre without 
irrigation 
The reported state yield is a weighted average of the yields 
from the fertilizer response of irrigated and nonirrigated crops as 
follows : 
where : 
= the proportion of the crop irrigated 
Thus, the state yield estimation is obtained by substituting Equation 
3-32 and 3-22 into Equation 3-34. 
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(3-35) YS%g 1980 ^ks 1980 ' \s 1980 • A^(l-R 
\s 1980 
ks 1980 
+ C. P. 
ks 1980 
+ C^P. 
2 ks 1980 
t + C^t + u. 
Equation 3-35 requires separate estimates of both the proportion of 
irrigated and nonirrigated acreage receiving fertilizer and the 
respective quantities of fertilizer applied. These are estimated 
by a linear regression approach. 
Estimation of production cost for crop activities 
Crop production costs, like yields, are based on the methodology 
developed by Stoecker (59), Eyvindson (21) and many other at Iowa 
State University. The production costs include machinery, fuel, 
fertilizer, iiiiyation, labor, and miscellaneous input costs. The 
cost of land rent is not included because land is singled-out as a 
separate input constraint within the linear programming model. Cross 
sectional cost data for the year 1965 were developed earlier by 
Eyvindson (21). Stoecker transformed the 1965 cost data into a set 
of time series cost equations. The modification included technological 
changes and shifts in input mix. The production costs are based on 
the 1980 projected yields to insure a consistent relationship between 
yields and costs. Production costs, like transportation costs, are 
based on 1972 price levels. The production costs are estimated by the 
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following equation and are presented in Table 95 of Appendix A .  
"Si = "ki + \i + \i + \i + \i 
where : 
= the production costs for each crop activities in producing 
region i 
= the cost of fertilizer for crop k in producing region i 
= the cost of capital for crop k in producing region i 
= the cost of labor for crop k in producing region i 
= the cost of irrigation for crop k in producing region i 
= miscellaneous cost for crop k in producing region i 
Each of the costs listed above will be discussed. 
" C • i T ' i - ' o v  o r v c î - l -  f P V u T i  c  • F o > - + - H 1 - i ' 7 0 > -  a  r * c i  H A  q  " i  r *  A  I  I  h A  c ; p r 1  
on the estimation of crop yield by Stoecker (59). The quantity of 
fertilizer applied per acre for each crop in each state is given by 
the linear time trend as shown in the previous section. Thus, the 
costs of fertilizer can simply be estimated by the following Equation 
3-37. 
where : 
= the cost of fertilizer per acre for crop k in state s 
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= the quantity of fertilizer applied per acre in state s 
Pg = the price of fertilizer in state s 
The fertilizer cost estimated by state for 1972 are spread across 
producing regions by using the 1969 record of agriculture census. 
where; 
Ffci ~ the cost of fertilizer per acre for crop k in 
producing region i in 1972 
FR S  ~ previously defined 
\i 1959 ~ quantity of fertilizer for crop k in producing 
region i (obtained from 1969 record of agriculture 
census (99)) 
\s 1969 ~ quantity of fertilizer for crop k in state s 
(obtained from 1969 record of agriculture census (99)) 
Capital cost The cost of using machinery in this study includes 
the cost of depreciation, lubrication, interest, shelter, insurance, 
taxes, repairs, and the cost of fuel and oil. The per acre cost of 
using a particular machine on a given crop was found by multiplying 
the cost per unit of use by the units of machine use on that crop. 
The units used for each farm equipment are different; hours are the 
units of use for tractors, miles are units of use for trucks, and 
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acres are the unit of use for all other machines. The harvest (pre­
harvest) machine cost for each crop was estimated by adding the cost 
of all machines used in harvest (preharvest) operations required for 
that crop and the harvest and preharvest costs are added for the total 
machine operating cost. The Equation 3-39 was used to combine harvest 
and preharvest machine costs for each crop. 
^i h 
(3-39) *ki = jT- + "ki 
where : 
= the total machinery and equipment cost per harvested acre 
for crop k in producing region i 
= the preharvest machine cost per planted acre for crop k 
in producing area i 
= the harvest machine cost per harvested acre for crop k in 
producing region i 
= the proportion of planted acres in area i that one 
harvested 
Each element of machine cost per unit of use are estimated by the 
following equations. 
To estimate the total machine costs it is necessary to assume that 
(1) salvage value of all machines are 10 percent of the machine pur­
chase price, (2) the cost of shelter, insurance, and taxes per year 
account for 2.5 percent of the total purchase price of that machine, 
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and (3) oil cost is 15 percent of total fuel cost. 
(1) Depreciation: 
P -0.1 P , 
(3-40) D , . 1 
\ "mi 
(2) The interest cost per unit of use of machine; 
P +0.1 P , 
<3-41, . „e . ^  
ml 
(3) The cost of shelter, insurance, and tax: 
0.025 P 
(3-42) S , -
ml U . 
mi 
(4) The cost of vonair ancî Inhrirarion; 
P -H 
mi 
(5) The cost of fuel and oil: 
(3-44) F . = (f C.)1.15 
ml mi 
where: 
= the depreciation cost per unit of use of machine m on the 
typical farm in producing region i 
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P = the 1965 purchase price of machine m in state s 
ms 
L = the total life of machine in years 
m 
= the annual use of machine m on the typical farm in 
producing region i 
I . = the interest cost per unit of use of machine m on the 
ml 
typical farm in producing region i 
= the rate of interest on farm machinery loan in U.S.D.A. 
region e (area i is located in region e) 
S . = the cost of shelter, insurance and taxes per unit 
ml 
of use of machine m on the typical farm in producing 
region i 
= the cost of repair and lubrication per unit of use of 
machine m on the typical farm in producing region i 
= the proportion of the purchase price of machine m that must 
Lié tjpeiiL àiixiuâlly i-'Oi î'ëpaiir âilcl lubx'iCâtlOii 
F . = the cost of fuel and oil car unit of use for machine m 
ml 
on the typical farm in producing region i 
f^ = the amount of fuel required per unit of use of machine m 
Cg = the price of fuel used by machine in state s 
Labor cost The total labor requirements for crop production 
includes both the direct labor needed to produce the crop and the in­
direct labor that is attributable to that crop. Although estimates of 
the amount of direct labor needed for crop production could be deter­
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mined fairly readily, very little information on direct labor require­
ments was available. However, it was available to derive, from data 
reported by Van Arsdall (108), an estimation of the proportion of total 
labor requirements for each crop that is made up by direct labor. 
Thus, total labor requirements for crop production in this study were 
calculated from the estimated direct labor requirements. The total 
harvest (preharvest) direct labor requirements were obtained by adding 
the labor required for all harvest (preharvest) operations and the 
total labor costs are estimated by adding these two direct harvest 
and preharvest labor requirements for each crop in each producing region. 
The labor costs were based on 1972 price. Total labor costs required 
for crop production were estimated by Equation 3-45. 
where: 
= the total direct labor requirements for crop k in 
production region i 
L?. = the preharvest direct labor requirements for crop k in 
Ki 
producing region i 
= the harvest direct labor requirements for crop k in 
producing region i 
= the proportion of planted acres in area i that are harvested 
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Cost of irrigation Brokken, in determining production costs for 
hay, estimated the water cost per acre of cropland irrigated in each 
producing region (11, 12). Irrigation water costs for each crop in 
the rpoducing regions were derived from Brokken's estimates. In esti­
mating water cost for individual crops, it was assumed that the water 
costs are proportional to the amount of water used. This assumption 
is supported by information obtained from Hudges et al. (32). Hence, 
data from state bulletins (6, 32, 42, 51) were used to develop a judg­
ment estimate of the ratio of per acre water requirements of each crop 
to the water requirement per acre of cropland irrigated. This ratio 
was estimated by Eyvindson as follows: (1) for corn grain, corn 
silage, cotton and soybeans; (2) 0.8 for grain sorghum and silage; 
(3) 0.7 for wheat, oats and barley; (4) 1.4 for tame hay; and (5) 
0.5 for wild hay. Next, Brokken's estimate of the water cost per acre 
of cropland irrigated in an area was aulLiplied by thece ratiez to 
determine the water cost per irrigated acre for each crop grown in the 
area. The cost per irrigated acre for each crop was then multiplied 
by the proportion of harvested acres of that crop in the region that 
is irrigated to obtain the water cost per harvested acre. An inflation 
coefficient of 15 percent was used to update the 1955 prices of 
Eyvindson's estimation to 1972 prices. 
Miscellaneous cost The miscellaneous items include the cost 
of lime, the cost of ginning cotton, the cost of shelling corn and the 
cost of drying corn and grain sorghum. Drying costs for crops other than 
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corn and grain sorghum were not estimated because only a small proportion 
of these crops are dried. Data limitations made it necessary that all 
elements of costs would be the same in each producing region. The 
estimations of miscellaneous costs for 1972 were obtained by updating 
Eyvindson's estimations. 
Adjustment for yield and production cost for feed grain 
The combination of corn, grain, sorghum, barley, and oats into 
feed grains creates special problems for the development of yields for 
feed grains. Each producing region has a different combination of 
these crops and the yield of each crop in each producing region is 
different from that in other producing regions. Thus, the yields of 
feed grains were estimated by a weighted average of harvested acreage 
from the 1969 record of United States agriculture census. 
^ ^ Fi 1980 Ki 1980^ 4 ^ 
y R 
. . Ki 1969 k=l 
where : 
Ypi ^ggQ = the average per acre yield for feed grain in state i 
in year 1980 
\ = harvested acreage for crop K in producing region i 1 1969 
in 1969 
The production costs of feed grain were estimated by a weighted average 
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of production from the 1969 record of United States agriculture census. 
(3-47) PC . = Z PC. 
Fi 1972 , , Ki 1972' 4 
I P 
k=l Ki 19*9 
where : 
PCpi ^^^2 ~ the average per acre production cost for feed 
grain in producing region i in 1972 
PC^i ^2^2 - per acre production cost for crop K in producing 
region i in 1972 
PRI = production per acre for crop K in producing 
region i in 1969 
Demand Requirements 
The model requires regional demands for wheat, feed grain, soy­
beans in the year 1980. The demands for wheat, feed grain, and soy­
beans are based on estimated livestock, industrial, export, and 
seed demands. Since the demand for seed is built into the model by 
reducing the yield per acre of the crops grown, it is not necessary 
i-O consiuei." Seed demand in estimating demand for grain. The annual 
demands for feed grain and soybeans are divided into two time periods -
December 1 through March 31 and April 1 through November 30. The model 
requires annual regional demand for wheat and the annual national de­
mand for cotton. The demand for cotton is based on the demand for lint 
cotton and the resulting cotton seed is permitted to substitute for 
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soybeans on the basis of their feed values. 
Two stages are used to estimate regional demand for grains by 
two time periods. The national demand for each grain is estimated in 
the first stage. In the second stage, the estimated national demand 
is allocated to the 48 states first and then distributed to the con­
suming regions by time periods. The estimated demands for each crop 
by seasons are given in Table 97 in the Appendix. 
Grain demand for livestock 
The derived demand for grain by livestock is based on the demand 
for livestock and the number of grain consuming arrival units. The 
nine classes used for grain demand for livestock are: (1) dairy, (2) 
beef, (3) hogs, (4) chickens, (5) broilers, (6) turkeys, (7) 
sheep, (8) horses and mules, and (9) other livestock. These nine 
classes correspond to those given in the National and State Livestock 
Feed relationship (86) with the following exception: (10) milk cows 
and heifers two years old and over and (11) heifers and heifer calves 
kept for milk were aggregated into (1) dairy; (12) cattle on feed and 
(13) other beef cattle were aggregated into (2) beef; (14) hens and 
pullets and (15) chickens raised for replacement were aggregated into 
(4) chickens; and finally (16) stock sheep and (17) sheep and 
lambs on feed were aggregated into (7) sheep. 
National grain demand for livestock The total number of grain 
consuming animal units in the first seven classes is estimated in 
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Equation 3-48 and transformed into a demand for feed grain in Equation 
3-49. 
(3-48) GCAU^ = i = 1,2,...7 
where: 
GCAuj^ = the annual number of grain consuming animal units of 
livestock class i in the year 1980 
= the number of grain consuming animal units of class i 
demanded per pound (dozens in the case of eggs) of the 
respective livestock products demanded 
= average number of pounds (dozens in the case of eggs) 
of livestock product i produced annually and adjusted for 
foreign trade in the year 1980 
The number of grain consuming animal units for horses and mules 
(GCAUg) was 1,261 thousand units (86, p. 20). 
The coefficient of GCAu} in Equation 3-49 was based on the 1960-
70 trend of the relationship between feed units and grain consuming 
animal units (86, its earlier edition). The feed units required by 
other livestock, livestock class 9, was based on Equation 3-51. 
(3-49) FU. = 1.287 GCAU^ i = 1,2,...7 
1 1 
(3-50) FUg = 1,622.907 
2 (3-51) FUg = 2504.4724 + 199.9353 T R = .932 
(156.43605) (11.910839) 
124 
where: 
FU^ = the annual number of corn equivalent feed units required 
in the 48 states for livestock class i^ 
T = time in years, T=1 is 1948 and T = 1,2,...22 
The historical levels of FUg were taken from National and State Live-
Q 
stock-Feed Relationship (86, and its earlier edition). Since FU 
g 
and FU are already known, it is necessary to estimate only the first 
seven GCAU^ (dairy, beef, hogs, chicken, broilers, turkeys, and sheep). 
To estimate GCAU^, the number of grain consuming animal units per pound 
(F\) and average number of pounds of livestock (Q^; annual demand for 
livestock in pounds) should be estimated. 
The number of grain consuming animal units per pound The number 
of grain consuming animal units per pound(F^) is estimated by Equation 
3-52. 
GCAU^ 
(3-52) Fj^ = 2 - i = 1,2,3,...? 
Qi 
where : 
F^ = previously defined 
^The corn equivalent feed unit for a grain is the ratio of the feed 
value of a unit weight of the given grain to the feed value of an identi­
cal weight of corn. The feed value equivalents used were: wheat, 1.05; 
oats, 0.90; barley, 0.90; grain sorghum, 0.95; corn, 1.00; cottonseed 
meal, 1.35; and soybean meal, 1.65 (75, p. 40). 
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GCAU^ = average number of grain consuming animal units of live­
stock class i fed annually in the U.S. in the years 
1968-70 (86) 
2 
= average number of pounds (dozens in the case of eggs) of 
livestock product i produced annually in the years 1968-70 
(70) 
The values of estimated by the above Equation 3-52 are the follow­
ing: 
= 0.000124 = GCAU^/Q^ 
F^ = 0.001629 = GCAU^/Q^ 
F^ = 0.002802 = GCAU^/Q^ 
F^ = 0.003053 = GCAU^/Q^ 
2 2 
Fg = 0.001312 = GCAUg/Qg 
Fg = 0.002302 = GCAUg/Qg 
F^ = 0.001085 = GCAU^/Q^ 
The demand for livestock The demand for livestock 
classes 1-7 inclusive are taken as the derived demand for milk, beef, 
pork eggs, chicken (broiler meat), turkey, and mutton and lamb 
respectively. The demands for beef, pork, and chicken were estimated 
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with Equations 3-53, 3-54, and 3-55, respectively. These equations 
were developed from Waugh's price-quantity relationship (110, pp. 42-
45 and pp. 277-279). 
(3-53) = 43.7809 - 0.7697RP^ + 0.2786RP + 0.1076RP + 0.0386Y 
D D p C 
(3-54) Q = 90.1111 + 0.2786RP^ + 0.9612RP + 0.0728RP + 0.0032Y 
^p b p c 
(3-55) Q = 32.0623 + 0.1076RP^ + 0.0728RP + 0.4485RP + 0.0023Y 
c b p c 
where : 
= per capita consumption of commodity i in lbs./year, 
RP^ = retail price of commodity i in 1957-59, 
Y = disposable consumer income per capita in 1957-59 
prices, 
i = b (beef), p (pork), or c (chicken) 
The retail prices were converted to farm prices with Equation 3-56. 
(3-56) RP^ = (FP^ • CP^ + FRPS^)/CPIg^_gg 
where: 
FP^ = 1969 farm price of commodity i (65) 
CF^ = factor to connect live-weight price to carcass-weight 
basis for commodity i (69) 
FRPS^ = 1969 farm to retail price spread for commodity i (65) 
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CPI^^ = consumer price index, 1957-59 = 100 (66, 67) 
The values for FRPS, and CF, are based on data for choice steers, b b 
Choice steer data was used to represent all beef because no data is 
available for a category encompassing all beef. The quantity was 
adjusted by deducting an estimate of the beef produced by milk cows and 
heifers two years old and over and by heifer calves kept for milk. 
The procedure for the adjustment was taken from Cattle Raising in the 
United States (74) . The value for Q represents broiler production 
c 
only and does not include either chicken produced by hens and pullets 
or chickens raised for replacement hens. 
The demand for lamb (lamb and mutton), turkey, and milk were esti­
mated with Equations 3-57, 3-58, and 3-59 from Agricultural and Water 
Policies and the Environment (31, p. 278). 
, , ,5.57087 ,-1.9915 ,0.57397 ,...0.3Gol3 -0.13775 
= ve; UJ ViJ 
(3-58) 
,3-59) 8^ . " "-O"™ 
where : 
RPI^ = retail price index of commodity i, (1957-59 = 100) i.e.. 
157-5,'!°° 
= pounds of each class of livestock consumed per capita per 
year 
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i = I (lamb and mutton), t (turkey), m (milk) 
Y and RP = previously defined 
No data was available for the retail price of turkey for the entire 
time period. Consequently, the retail price of all poultry was used 
as a proxy for turkey. The national average per capita consumption 
of eggs, Q^, was estimated at 290 eggs per year. 
The national demands for the above livestock products were deter­
mined by the product of the values and the national population. 
The population of the United States was projected to be 226.934 million 
in 1980 (103). The national estimate of the consumption of milk was 
increased by 1.823 million pounds for consumption by calves, which was 
estimated to remain at the 1967-69 average (70), 
The above national demands are adjusted for net imports projected 
by Equations 3-60 and 3-66.^ 
(3-60) M = -2.876247 + 0.288810T + 6.365519 (FP /FP ) 
(2.040253) (.040612) (1.628691) 
- 2.581143 (FP ^/FP ^„) = .808 
(1.638292) P't P'57-59 
(3-61) M = -2.025485 + .065589T + .731576 (FP /FP ) 
P (1.265319) (.044658) (.423925) 
+ .000393Y 2 
(.0001014) R = .821 
^The notation in Equations 3-60, 3-61, and 3-62 is used throughout 
this report; the value in parentheses is the standard deviation of the 
variable above it and is the multiple correlation coefficient on the 
equation. 
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(3-62) M = - (704,101.44 + 33,011.105T - 505.27441Y) 
^ (162,771.81) (5,015.9688) (113.77521) R = .848 
(3-63) = .659 
(3-64) = -43,500,000 
(3-65) Mg = -37,250,000 
(3-66) = 4,9813 
where ; 
= annual net imports of commodity i(i-b,p,c,l, and m) in pounds 
per capita 
= annual net imports of turkey in pounds 
= annual net imports of eggs in dozens 
T and FP^ = defined previously. 
The national population by year as given in the Statistical Abstract 
(98) was used to derive per capita quantities. There was no apparent 
significant trend nor ready explanation for the level of turkey and 
egg net imports; consequently, their level was fixed at the average 
for the years 1966-69 inclusive. The per capita levels for net im­
ports of lamb and milk were fixed at their 1967-69 and 1966-69 
averages, respectively. 
Therefore, national demand for livestock production (the number 
of grain consuming animal units annually) is estimated in Equation 
3-67. 
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(3-67) QJ . Qi(POP^,g„) - M. 
where : 
POP^ggQ = projected national population for 1980 IPOP^^g^ is 
226.934 million) 
Q^, and = defined previously 
Distribution of livestock grain demand among consuming regions and 
time periods The national estimates of feed units required for each 
livestock class were distributed to the 48 states by Equation 3-68; with 
exception of other livestock, class 9. Class 9 includes livestock such 
as pets, laboratory animals, circus animals, zoo animals, etc., not 
included in the Census of Agriculture. 
(3-68) FU^= (GCAU^/GCAU^)FU^, (i = 1,2,3,...,8) 
where: 
FU^ = number of feed units required in state s by livestock 
class i 
GCAU^ = average number of grain-consuming animal units of 
livestock class i fed annually in state s in the years 
1968-70 (86) 
GCAU^ and FU^ = previously defined 
The state distribution of other livestock was computed with Equation 
3-69. 
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(3-69) PUg = (POPg^/POPgQ)FUg 
where ; 
POPgQ = population of state s in 1980 (103), 
POPgo = ^ POPgQ (s = 1,2,3,...,48) 
s 
FUg = previously defined 
The demand for grains by livestock is not uniform throughout the 
year. The result is that the demand requirements in general cannot be 
divided uniformly over time into the two time periods (December 
through March, t = 1, and April through November, t = 2). In addition, 
the state demand requirements given by Equations 3-68 and 3-69 must be 
allocated among all the domestic consuming regions. Both the seasonal 
and regional allocations of the demand for feed grain by livestock were 
based on their historical allocations when data was available. 
Equations 3-70 and 3-71 were used to compute the regional and 
seasonal demands for feed grain by livestock. 
nil A% (j = 1,2,3,...,73) 
(3-70) FU.. = Z E (-^) (-^)FU. , (i = 1,2,3,. ..,9) 
i c BL A= 1 (t = 1,2) 
(3-71) FU = Z FU® , (j = 1,2,3,...,73) 
^ sekj ^ (t = 1,2) 
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where : 
FUj^ = tons of corn equivalent feed units demanded by livestock 
in period t in the part of consuming region j which lies 
within state s, 
FU^ = tons of corn equivalent feed units demanded annually by 
livestock class i in state s (see Equations 3-68 and 3-69) 
i s 
= number of class i animals in county c of region j in 
state s 
= number of class i animals in the state containing county c 
= proxy for the quantity of feed grain consumed by class i 
animals fed in state s in time period t 
= proxy for the quantity of feed grain consumed by class i 
animals fed in state s annually 
FUj^ = tons of corn equivalent feed units demanded by livestock 
in consuming region j and time period t 
kj = the set of states in which part or all of region j is 
contained 
1S S 
The data for N, and N. for all classes except other livestock 
ic 1 
were taken from the 1969 Census of Agriculture (99). For other live-
is s 
stock, and were set equal to the number of people in county c 
and in the state containing county c respectively, as reported in the 
1970 Census of Population (102). Admittedly, this was a crude means of 
approximation for the distribution of other livestock; but there were 
simply no data available for this class. The quantity of grains 
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consumed by other livestock is relatively unimportant because it com­
prises only five percent of the total quantity of grain consumed 
(86, Table 90). 
The A^. and A^ values were calculated by different methods and it ly 
data sources depending upon the class of livestock. In all cases, 
A^ equals the sum of A^^ and A^„. The values of A^, and for the 
ly il i2 it lY 
first six classes (dairy, beef, hogs, chickens, broilers, and turkeys) 
were taken from Interrelationships of Grain Transportation, Production, 
and Demand (22) and are given in Table 18. 
The A^^ values for sheep, class 7, were fixed on the assumption 
of a uniform distribution through time, i.e., A^^ and A^^ were set 
equal to 1.0 and 2.0, respectively. This assumption is not crucial to 
the model because sheep and lambs consume only about 0.3 percent of all 
grains (86, Table 90). The U.S. Department of Agriculture publishes 
?.. ShAAo and iambs on Feed newslelLer, but it only covers the months 
of September through February. The alternative source of data was the 
number of sheep and lambs slaughtered. The slaughter information was 
not used because it gives no indication of the variance throughout the 
year of sheep and lambs grazed compared to those fed grain; neither 
does it provide any indication of the difference in the location of 
lamb feeding and slaughtering. 
Like sheep, there were no data available for horses and mules, 
class 8, nor for other livestock, class 9. Consequently, the same as­
sumptions were made for these classes as were made for sheep; i.e., 
Table 18. Estimated relative seasonal distribution of the livestock demand for grains 
(1) Dairy (2) Beef (3) Hogs (4) Chickens (5) Broilers (6) Turkeys 
State Dec.- April- Dec.- April- Due.- April- Dec.- April- Dec.- April- Dec.- April-
Mar. Nov. Mar. Nov. Mar. Nov. Mar. Nov. Mar. Nov. Mar. Nov. 
Ga. 
33 67 35 65 35 65 49 51 36 64 11 89 
29 71 33 67 36 64 46 54 34 66 18 82 
Ala. 31 69 33 67 34 66 47 53 31 69 14 86 
Ariz. 
Ark. 
Cal. 31 69 33 67 33 67 47 53 36 64 11 89 
Colo. 32 68 34 66 33 67 45 55 36 64 11 89 
Conn. 33 67 33 67 36 64 47 53 29 71 5 95 
Del. 32 68 33 67 37 63 44 56 35 65 19 81 
Fla. 34 66 33 67 34 66 47 53 33 67 17 83 
31 69 33 67 35 65 48 52 34 66 17 83 
Idaho 31 69 
111. 34 
37 63 37 63 47 53 36 64 11 89 
66 39 61 33 67 47 53 36 64 8 92 
Ind. 32 68 39 61 34 66 46 54 33 67 8 92 
Iowa 33 67 36 64 32 68 47 53 36 64 7 93 
Kan. 33 67 35 65 34 66 47 53 36 64 7 93 
Ky. 29 71 33 67 33 67 45 55 35 65 14 86 
w 
:inu' 
liry 
Apr 
Nov 
65 
75 
56 
69 
68 
64 
68 
71 
70 
68 
68 
67 
66 
70 
67 
(2) Beef (3) Hogs (4) Chickens (5) Broilers (6) Turkeys 
Dec.- April- Deo.- April- Dec.- April- Dec.- April- Dec.- April-
Mar. Nov. Mar. Nov. Mar. Nov. Mar. Nov. Mar. Nov. 
33 67 33 67 48 52 36 64 14 86 
33 67 34 66 48 52 34 66 5 95 
33 67 35 65 45 55 35 65 18 82 
33 67 34 66 47 53 33 67 5 95 
40 60 34 66 46 54 36 64 10 90 
37 63 32 68 45 55 30 70 8 92 
33 67 21 69 46 54 33 67 14 86 
40 60 34 66 44 56 31 69 7 93 
37 63 3 5 65 45 55 36 64 11 89 
36 64 3 2 68 46 54 7 93 7 93 
33 67 3 6 64 50 50 36 64 11 89 
33 67 21 69 47 53 37 63 7 93 
33 67 29 71 46 54 36 64 6 94 
34 66 34 66 45 55 36 64 11 89 
33 67 32 68 47 53 36 64 5 95 
w Ln 
Table 18 (Continued) 
(1) Dairy (2) Beef (3) Hog s 
State Dec.- April- Dec.- April- Dec.- April 
Mar. Nov. Mar. Nov. Mar. Nov. 
N.C. 32 68 33 67 30 70 
N.D. 32 68 36 64 28 72 
Ohio 32 68 41 59 35 65 
Okla. 32 68 33 67 34 66 
Ore. 31 69 38 62 34 66 
Pa. 32 68 38 62 34 66 
R.I. 35 65 33 67 43 57 
S.C. 34 66 33 67 34 66 
S.D. 32 68 25 75 28 72 
Tenn- 29 71 33 67 34 66 
Texas 34 66 33 67 35 65 
Utah 27 73 33 67 34 66 
Vt. 31 69 33 67 45 66 
Va. 30 70 33 67 32 68 
Wash. 31 69 34 66 3 2 67 
(4) Chickens (5) Broilers (6) Turkeys 
Dec.- April- Dec.- April- Dec.- April-
Mar. Nov. Mar. Nov. Mar. Nov. 
47 53 34 66 17 83 
46 54 36 64 7 93 
46 54 36 64 9 91 
45 •55 29 71 16 84 
46 54 32 68 11 89 
46 54 34 66 5 95 
75 25 33 67 5 95 
47 53 33 67 17 83 
48 52 36 64 9 91 
45 55 35 65 14 86 
45 55 34 66 14 86 
47 53 32 68 11 89 
46 54 37 63 5 95 
45 55 32 68 17 83 
46 54 33 67 10 90 
Table 18 (Continued) 
(1) Dairy (2) Beef (3) Hogs (4) Chickens (5) Broilers (6) Turkeys 
Dec.- April- Dec.- April- Dec.- April- Dec.- April- Dec.- April— Dec.- April-
Mar. Nov. Mar. Nov. Mar. Nov. Mar. Nov. Mar. Nov. Mar. Nov. 
W. Va. 29 71 33 67 30 70 46 54 41 59 17 83 
Wise. 34 66 36 64 33 67 46 54 33 67 9 91 
Wyo. 32 68 33 67 39 61 47 53 36 64 11 89 
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Ag and were set equal to 1.0 and A^  and A^  were set equal to 2.0. 
oX 82 92 
Horses and mules and other livestock consume about 1.0 and 5.1 percent, 
respectively, of all grain consumed by livestock (86, Table 90). 
For sane states and livestock categories, data used to calculate 
the A^  ^values were not available. When no data were available, the 
state was assigned the national average value unless otherwise indi­
cated. The values for classes with nonuniform distributions are it ly 
shown in Table 18. 
Wheat fed to livestock Once the regional and seasonal demands for 
feed units by livestock were determined, the quantity of wheat fed to 
livestock was deducted to determine the demand for feed grain. The 
quantity of wheat fed by region and time period was not available and 
was estimated with Equations 3-72, 3-73 and 3-74. 
Vprj® g 
it WF WF. (s = 1,2,...,33; t = 1,2 and 
"'it = 
i t  i t  
33 
ZFU® Z WF® 
s t it FU® "^ t s=a (s = 34,...,48; 
3t - . . .  
s=34 
(3-74) WF =22 WF® , (t = 1,2; and j = 1,2,...,73) 
 ^ s k 
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where ; 
FUj^  = defined previously 
FU® = S E FU® , (j = 1,2,...,73; t = 1,2) 
j t 
WF^  = average quantity of wheat fed on farms where grown in state 
9 
s during 1958-70 inclusive 
WF^  = average annual quantity of wheat fed on farms where grown 
in the United States during 1968-70 inclusive 
WF^  = average quantity of wheat fed in the U.S. during time 
period t in the years July 1968-June 1971 inclusive 
WF = estimated annual quantity of feed units of wheat fed in 
the U.S. in 1980 
s = 1,2,...,33 are the states for which data are available for 
s = 34,35,...,48 are the states for which data are not available 
for WF^  g 
k = the set of states wherein region j is contained 
All the data on wheat except WF were taken from Wheat Situation (90) . 
+-
Quarterly data only were available for WF"; consequently, the quantity 
for Jan.-Mar. and one-third the quantity for Oct.-Dec. was included in 
the Dec.-Mar. time period and the balance was included in the April-
Nov. time period. The ratios WF^ /WF for t equal 1 and 2 are 18.88 and 
81.12, respectively. The values of the WF^ /WF^  ratios are given in 
âf 
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Table 19 below. WF was estimated at 7.88 million tons of feed units 
which is equivalent to 250 million bushels of wheat. 
Table 19. Estimated state distribution of grain demands for cereal 
preparations, wet corn processing, distilled spirits, malt 
and malt liquor, and wheat fed to livestock 
Cereal Wet corn Distilled Malt and Wheat fed • 
preparations processing spirits malt liquor livestock 
(percent) (percent) (percent) (percent) (percent) 
Ala. 0.900 
Ariz. 0.345 
Ark. 0.810 
Cal. 3,28 4.12 6,03 0.720 
Colo. 3.58 3.980 
Conn. 2.58 0.112 
Del. 0.060 
Fla. 1,30 0.480 
Ga • 0.41 1.231 
Idaho 1.42 3.980 
111. 8, ?.C) 41.84 12.89 3.67 3.180 
Ind. 2,46 17.73 7.73 3.01 5.680 
Iowa 16.39 28.37 0.310 
Kan. 1.03 10.450 
Ky. 35,03 1.63 1.740 
La « 2.44 0.080 
Me. 0.222 
Md. 6.70 3.26 1.030 
Mass. 1.64 3.61 1.63 0.110 
Mich. 28.68 2,58 3.10 5.660 
Minn. 4.10 3.58 0.570 
Miss. 0.614 
Mo. 7.09 9.13 9.720 
Mont. 2.750 
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Table 19 (Continued) 
Cereal Wet corn 
preparations processing 
(percent) 
Distilled Malt and Wheat fed to 
spirits malt liquor livestock 
(percent) (percent) (percent) 
Nebr. 
Nev. 
N.H. 
N.J. 
N.M. 
N.Y. 
N.C. 
N.D. 
Ohio 
Okla. 
Ore. 
Pa. 
R.I. 
S.C. 
S.D. 
Tenn. 
4.10 
17.21 
8 . 2 0  
4.12 
7.73 
8.25 
1.63 
9.46 
1.03 12.23 
2.93 
0.33 
7.33 
0.82  
5.74 2.58 
4.750 
0.050 
0.041 
0.150 
0.260 
1.820 
3.520 
1.050 
7.440 
4.360 
1.800 
5.690 
0.019 
0,272 
1.470 
2.420 
Utah 
Vt. 
Va. 
Wash. 
W. Va. 
Wyo. 
0.33 
2.61  
1.130 
0.070 
3.060 
2.570 
0.096 
0.590 
0.690 
48 
State 100.00 
Total 
100.00 100.00 100.00 100.000 
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Demand for grain for food and industrial use 
Industrial food demand includes the utilization of the commodities 
for inputs into industrial processes for cereals, flours, beverages 
(malt and distilled liquors). Other food products and industrial uses 
not for consumption such as distilled spirits. The industrial demand 
also includes the export of the commodities in processed form. 
National food and industrial demand for grain The demands 
for feed grain, wheat, and soybeans for food and industrial uses were 
estimated for the U.S. in the first stage in this section and then 
distributed to the several regions and seasons. 
Since soybeans are crushed into meal before they are fed to live­
stock, demand for soybeans by livestock was included in the industrial 
demand for soybeans. When there was a significant historical trend, a 
regression was used to project each of these demands; when there was no 
significant trend, historical averages were used to make the projections. 
The per capita projections for feed grain and wheat demands were made 
by using Equations 3-75 through 3-82. 
(3-75) C = 0.066847 = 0.001867T 
\ • wVJL/Xwx/ o 2 
(3-76) C, = 0.398122 + 0.009321T 
 ^ (.011744) (.000894) R 2 844 
(3-77) C = 0.237624 + 0.000364Y 
(.065991) (.000034) R^ = .86 
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(3-78) = 0.1670, 1965-69 average 
(3-79) 0^  = 0.2248, 1966-69 average 
(3-80) = 0.5505, 1966-69 average 
(3-81) Bg = 0.0406, 1966-69 average 
(3-82) W . = 3.219541 - 0.031175T _ 
(.028638) (.002180) R = .911 
where : 
= bushels of corn per person demanded for cereal 
= bushels of corn per person demanded for dry processing 
= bushels of corn per person demanded for wet processing 
= bushels of corn per person demanded for alcohol 
0^  = bushels of oats per person demanded for cereal 
B^  = bushels of barley per person demanded for malt 
B^  = bushels of barley per person demanded for food products 
= bushels of wheat per person demanded for flour and other 
industrial uses 
Y and T = previously defined 
The quantities of the grains used for the several purposes in Equations 
3-75 through 3-82 were taken from the Supplement to Feed Statistics 
(81). The national demands were determined by multiplying the per capita 
demands by the projected national population, 226.934 million persons. 
The values for were taken as the quantities of wheat disappearance 
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for flour and industrial uses given in the Supplement to Food Grain 
Statistics (82) . 
Preliminary demands for soybean and cottonseed meal were calcu­
lated with Equations 3-83 and 3-84, respectively. 
(3-83) S = -10,570.582 + 503.85718T + 0.171529GCAU _ 
™ (8,183.0664) (62.055893) (.083342) R = .944 
(3-84) C = 2411.7, average 1967-69 
in 
where : 
S = thousand tons of soybean equivalent feed units demanded 
m 
annually, 
= thousand tons of cottonseed meal equivalent feed units 
demanded annually, 
GCAU = total number of grain consuming animal units fed annually 
to the livestock classes 1-8 in the United States 
T = defined previously 
The values for S and c were taken as the domestic disappearance of 
m m 
soybean cake and meal, and cottonseed cake and meal, respectively, 
given in U.S. Fats and Oils Statistics (79). The sstiinatcd demand 
for S was reduced to 0.9 S because the historical trend of increasing 
m m 
protein levels in livestock rations is expected to level-off during the 
1970's. The national demand for soybean meal was actually calculated 
as the sum of the national soybean meal and the national cottonseed 
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meal demand. The model internally reduced the soybean meal demand 
by the equivalent quantity of cottonseed meal as described below. 
Distribution of food and industrial demand for grain among consuming 
regions and time periods The projected national demands for food and 
industrial uses of feed grain were distributed among the states. The 
national demands for corn and oats for cereal were each distributed to the 
states in proportion to the state distribution of employees in the cereal 
preparations industry as reported in the Census of Manufacturers (100). 
The national demand for corn for dry processing was distributed among the 
states in proportion to the state distribution of corn mills as given in 
The Northwestern Miller (48). Unfortunately, there was no data avail­
able on the capacity of the mills or the quantity of corn milled lay state. 
The national demands for com for wet processing, corn for alcohol, and 
barley for both malt and food products were distributed among the states 
in proportion to the state distribution of the employees in the wet corn 
milling; the distilled spirits, except brandy; and the sum of the malt 
and malt liquor industries; respectively, as reported in the Census of 
Manufacturers (100). The state distributions of grain demands for cereal 
prepardtious, weL corri processing, distilled spirits, malt and malt 
liquors, and wheat fed to livestock are given in Table 19. 
The state demands projected for food and industrial uses of feed 
grain, except corn for dry processing, were each allocated to the 
consuming regions in proportion to the distribution of the state popu­
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lation among the regions. The regional population distributions were 
computed from the Census of Population (102) , The precision of this 
allocation procedure is obviously limited. Published data generally 
were not available for small areas like the consuming regions in the 
model because of disclosure regulations. The procedure for the distribu­
tion of the state demand among the regions within the state was based 
on two assumptions. First, all manufacturing in a state is distributed 
in proportion to the regional population distribution. Second, the 
industries in question are distributed among the regions in proportion to 
the regional distribution of all manufacturing. The state demands for 
corn for dry processing were each distributed among consuming regions 
within the state in proportion to the regional distribution of corn mills 
as reported in The Northwestern Miller (48). 
The national demand for wheat for food and industrial uses was 
allocated among the consuming regions in proportion to the regional 
distribution of wheat flour milling capacity reported in The Northwestern 
Miller (48). The distribution of wheat flour milling and dry corn milling 
among the regions is shown in Table 20. 
The demand for soybeans for crushing, i.e., the soybean equivalent 
of the demand for meal, was based on the location of each crushing plant 
and its respective capacity. Each bushel of soybeans was assumed to 
produce 47.17 pounds of meal. The estimated capacity distribution among 
the consuming regions is presented in Table 20. Unknown capacities of a 
particular location within a state were assigned a capacity equal to the 
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Table 20. Estimated regional distribution of soybean crushing, wheat 
flour milling, and dry corn milling 
Soybean Wheat Flour Dry Corn 
Consuming Crushing Milling Milling 
Region , Z. , (percent) (percent) (percent) 
1 0  0  0  
2 0 0 0 
3 0 0 0 
4 0 0 0 
5 0 .02 0 
6 0 3.62 .81 
7 0 5.65 0 
8 1.18 1.01 4.07 
9 0 .05 0 
10 0 1.21 1.63 
11 .83 1.34 8.94 
12 0 0 .81 
13 3.22 1.84 18.70 
14 1.48 .25 3.25 
15 4.28 .54 4.07 
16 0 .35 0 
17 0 0 .81 
18 .13 .03 .81 
19 1.03 .60 2.44 
20 2.74 0 1.63 
21 12.10 1.30 1.63 
22 .26 .41 8.13 
23 1.57 2.54 11.38 
24 1.31 1.15 2.44 
25 4.54 .51 0 
26 .81 .57 6.50 
The hubs and location of the consuming regions are given in Table 3 
and Figure 3 , respectively. 
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Table 20 (Continued) 
Consuming 
Region 
Soybean 
Crushing 
(percent) 
Wheat Flour 
Milling 
(percent) 
Dry Corn 
Milling 
(percent) 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
4^  
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
1.61 
4.39 
0 
14.90 
5.64 
0 
0 
0 
5.76 
0 
0 
•2.36 
0 
3.32 
.78 
4. IS 
2.75 
2.34 
0 
3.05 
2.81 
2.03 
3.34 
0 
1.86 
.33 
1.69 
.32 
1.44 
9.06 
1.55 
.91 
2.28  
.05 
0 
0 
20.21 
.70 
0 
0 
0 
0 
.56 
2 .60  
.01 
6.96 
7.81 
3 « 30 
0 
0 
0 
2.07 
.49 
2 .81  
.81 
.81 
0 
2.44 
2.44 
.81 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
.81 
2.44 
0 
0 
4.07 
0 
0 
0 
0 
.81 
0 
2.44 
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Table 20 (Continued) 
Consuming 
Region 
Soybean 
Crushing 
(percent) 
Wheat Flour 
Milling 
(percent) 
Dry Corn 
Milling 
(percent) 
55 0 .60 0 
56 0 .72 1.63 
57 .07 .17 0 
58 .28 .07 .81 
59 0 0 0 
60 0 .01 0 
61 0 .08 0 
62 0 0 0 
63 0 .86 0 
64 0 2.19 0 
65 0 .25 0 
66 0 .31 0 
67 0 .67 0 
68 0 1.30 0 
69 0 .41 0 
70 n 1.25 Q 
71 0 1.47 0 
72 .54 1.20 0 
7 3 . 16 1.77 1.63 
100.00 100.00 100.00 
difference between the total state capacity and the sum of the 
capacities known for particular sites divided by the number of sites 
with unknown capacities. Some state capacities were estimated from 
actual quantities crushed, others by conversations with persons familiar 
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with the industry in that state, and still others as the sum of the 
capacities of crushing plants within the state. The level of utiliza­
tion was estimated at 83 percent, the average for the industry for the 
years 1960 through 1970 inclusive (79, p. 54). 
The demand for cottonseed meal was converted to its soybean 
equivalent and distributed among the regions in proportion to the 
regional demand for soybean meal. One pound of cottonseed was estimated 
to be equivalent to .8182 pounds of soybean meal. This procedure for 
the distribution of the cottonseed demand was chosen because it per­
mitted the proper location of the demand for soybeans and not because the 
cottonseed processors were so located. 
Whenever cottonseed was produced by any producing region within 
the model, the national demand for soybeans was reduced by the 
equivalent amount, i.e., for each pound of cottonseed meal produced, the 
national soybean rr.eal demand '.vas decreased by .9182 pounds- The re­
duction in the national demand for soybeans was distributed among the con­
suming regions in proportion to the regional demand for cottonseed meal. 
This method of distributing the production of cottonseed permitted the 
quantity of cottonseed meal produced to be determined within the model 
and substitute for an equivalent quantity of soybean meal without dis­
turbing the regional allocation of the demand for soybeans. 
The seasonal demands for grain for food and industrial needs were 
assumed to be uniform over time. The total annual demands were divided 
such that 33 percent and 67 percent were demanded for the Dec.-Mar. and 
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the April-Nov. time periods, respectively. 
Projected export demand for grain 
The 1980 export demands for wheat and soybeans were projected to be 
746 and 1,041 million bushels, respectively. The 1980 export demand for 
feed grain was projected to be 982 million corn equivalent bushels, 
i.e., if all feed grain exports were comprised of corn, 982 million 
bushels would be exported. 
The projected national export levels include exports such as un­
processed grain and the equivalent quantities of grain in exports of grain 
products. For example, the export level of soybeans includes the grain 
equivalent of soybean meal exports. The percentage of the total exports 
of each grain exported as grain in 1980 were approximated by their 
historical averages for recent years. For 1980, 70, 89.4, and 100 per­
cent of all soybean, wheat, and feed grain exports, respectively, were 
projected to be exported as grain. The exports of grain as grain were 
distributed to the export consuming regions and time periods on the 
basis of the relative historical amounts exported from the regions be­
tween December 1969 and November 1972. This distribution among the port 
regions and time periods is shown in Table 21. The export demand for 
grain exported as grain products was distributed among the consuming 
regions with the same procedure as the domestic demand for the identical 
products was distributed. 
When all the several demands for each grain were estimated, the 
demands for corn, oats, barley, and grain sorghum in each region were 
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Table 21. The distribution of the export demand among export regions 
and seasons^  
Consuming Region Wheat Feed grains Soybeans 
No. Name year 
(%) 
Dec.-Mar. 
(%) 
April-Nov. 
(%) 
Dec.-Mar. 
(%) 
April-Nov 
(%) 
8 Philadelphia, Pa. 0.6 1.8 1.0 0.7 0.5 
10 Baltimore, Md. 0.5 0.9 0.8 0.9 0.6 
28 Toledo, Ohio 0.5 0.3 3.8 0.7 10.3 
31 Chicago, 111. 0.7 0.3 6.8 0.3 7.7 
34 Duluth, Minn. 7.5 0.4 6.9 0.2 2.1 
55 Houston, Tex. 44.3 3.8 6.8 2.8 3.3 
70 Seattle, Wash. 7.7 0 0 0 0 
71 Portland, Ore. 26.4 1.1 0.2 0 0 
73 Long Beach (LA), Cal.O 0.4 0.2 0 0 
74 Albany, N.Y. 0.4 0.5 0.3 0 0 
75 Norfolk, Va. 1.3 3.0 2.7 1.5 1.0 
7G New Orleans, La. 9.5 20.3 33.6 28.5 38.9 
77 Corpus Christi, Tex . 0.6 2.8 0,9 0 0 
78 San Francisco, Cal. 0 0.2 0.2 0 0 
S^ource: Grain Market News (72) for Dec. 1969 through Nov. 1972. 
Waterborne Commerce of the United States (64) for 1969, 1970 and 1971. 
aggregated into the demand for feed grain for that region. Likewise, 
the several demands for wheat and soybeans were aggregated into their 
respective regional demands. 
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Projected domestic and export demand for cotton 
Only the national demand for cotton lint was estimated. The 
regional distribution of cotton demand was not relevant for this study 
because cotton was included in the model only to compete for the crop­
land in those areas where cotton is grown and to establish a con­
sistent relationship between cottonseed meal and the demand for soy­
bean meal. The 1980 domestic demand for lint cotton was projected to 
be 17 pounds per capita. 
The 1980 export demand for lint cotton was projected to be 2.1 
million, 480-pound bales. The summation of the domestic and export 
demand projections resulted in a national lint cotton demand of 10,037 
thousand bales. 
Production outside the producing regions 
Not all the grain production has historically occurred in the 
producing regions defined in the model. In 1969 production outside 
these producing regions was 364, 1,250, and 4,790 thousand tons of soy­
beans, wheat and corn equivalent feed grain, re^ ectively, and 104 
thousand bales of cotton. These quantities were 1.2, 3.2, 3.0, and 1.0 
percent nf the national production of soybeans, wheat, feed grain and 
cotton, respectively, as computed from the 1969 Census of Agriculture 
(99) . 
The production for 1980 outside the producing regions in the 
model was projected to remain the same as in 1969. Consequently, the 
demands of each consuming region were reduced by the projected production 
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of the area which lies within the consuming region, but not included in 
any producing region. In the few instances where this procedure resulted 
in a negative demand, the excess production was allocated to an adjacent 
region. These allocations were always very small relative to the demand 
of the consuming region where they were allocated. 
Land Constraints and Crop 
Production Bounds 
Land constraints 
The constraints of the total land available in each of the 152 
producing regions are required for the model. There are no land 
constraints for individual crops ; wheat, feed grain, soybean, and cotton, 
but the total land available in the 152 producing regions must allow 
the total national demand for each crop to be satisfied. The land 
available for each producing region is based on the historical produc­
tion of the crops included in the model. The regional land constraints 
are equal to the sum of the maximum acreage of feed grain, soybeans, 
wheat, and cotton harvested in the past (30). The total land used for 
production is 244,874 thousand acres. The land constraints are 
described in the following functional form. 
7 k 
Li = max( E L^ )^ t = I960,..1970 
i = 1,...,152 
where : 
Lii = the total land available for all crops for 1980 
production in producing region i 
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k = index number of crop 
k=l; wheat 
k=2; soybean 
k=3; barley 
k=4; oats 
k=5; grain sorghum 
k=6; corn 
k=7; cotton 
Crop production bounds 
Individual upper and lower limits are placed on each crop in every 
producing region. The limits are based on the 1969 harvested acres 
as reported in the Census of Agriculture (99) and on the projected 1980 
demand and yields. The lower national limits on each crop are set on 
the basis of 20 percent less land than would actually be needed to 
meet the 1980 demand. If this lower limit based on the 1980 demand is 
less than 80 percent of the 1969 acreage, it was utilized; otherwise 
the lower limit is set at 80 percent of the 1969 acreage. As a result, 
the lower limits used in this model are 76 percent of the 1969 acreage 
for wheat, 80 percent for feed grain and soybeans, and 67 percent for 
cotton. The upper limits on each crop are also set on the basis of 20 
percent more land than would actually be needed to meet the 1980 demand. 
If this upper limit based on the 1980 demand is greater than 120 per­
cent the 1969 acreage, it was made effective; otherwise, the upper limit 
is fixed at the 120 percent level of the 1969 acreage. As a result. 
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the upper limits as a percentage of the 1969 acreages are 125 for 
wheat, 140 percent for feed grain and 120 percent for cotton. The 
models permit much higher limits of soybeans because of rapid in­
creases in soybean demand. The upper limit for soybeans is set at 
50 percent of the land in the region or at the number of acres of soy­
beans harvested in the region in 1967, whichever is larger. 
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CHAPTER IV. PRESENTATION i\ND INTERPRETATION 
OF THE RESULTS 
The results obtained from the models and the basic data in the 
previous section are presented and interpreted in this chapter. The 
transportation activities in shipping grain between producing regions 
and consuming regions are discussed in the first section of this 
chapter and grain production in the second section of this chapter. 
In the first section, the analysis of grain transportation activities 
and flows from each producing region to consuming regions for each of 
the ten models is presented. After that, the quantities of grain 
hauled, ton-miles traveled, grain transportation costs and trip 
distances between loading and unloading points are compared and sum­
marized at the national level. 
For the analysis of grain production in each producing region, 
the projection of grain nroHiicfion end ijitiliza.tion, total crop 
acreage, production costs, grain sales, and shadow prices are discussed. 
Finally, a discussion of regional patterns of grain production is pre­
sented for each of the ten models. In addition, unused land for 
grain production is analyzed for Models I and X and comparative ad­
vantages in using land for grain production are discussed for Model I. 
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Grain Transportation 
Alternative transportation modes in shipping grain between regions 
are farm wagons, trucks, rail, barge and ship. Wagons are used al­
most exclusively for short distance movements of grain between nearby 
farm or from farm to nearby elevators and are not important for the 
interregional flows analyzed in this study. Thus, the transportation 
modes used in the study are truck, rail, barge and ship. 
Interregional flows of grain depend upon cash prices at farm plus 
transportation costs. Cash price of each grain at farm is assumed to 
be the production cost of the grain in this study. Interregional 
flows reported from the solutions of the 10 optimization models ex­
clude those shipments of grain whenever any area of the region where 
the grain is produced lies within the consuming region where it is 
utilized. In Model I, 140,730 thousand tons are shipped interregionally. 
The optimization models indicate 60 percent of the grain sold from 
farms, 44 percent of grain production, is transported beyond the 
borders of the consuming region where it is produced. The remaining 40 
percent of the grain sold is utilized in the consuming region where 
it is produced. 
A detailed analysis of grain transportation activities and flows 
for each of the ten models is presented in the first part. The ten 
models are divided into four groups — Models I and II for the first 
group. Models III, IV, V, and VI for the second group. Model VII for 
the third group and Models VIII, IX, and X for the fourth group. The 
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first group describes the economical comparison between a single-
car rail system and a multiple-car rail system. The sensitivity be­
tween rail and water is discussed in the second group of models. The 
price and cross elasticities of transportation demand for grain are 
estimated to evaluate the sensitivities between rail and water. In 
the third group, a single-car rail cost and the other cost structure 
which is similar to rail rates are compared. Finally, the comparative 
advantages between ports for grain export are discusssed in the fourth 
group. In addition, the quantities of grain shipped and the patterns 
of flows from 10 U.S.D.A. producing territories to 10 U.S.D.A. con­
suming territories are given for Models I, VIII, IX, and X, because the 
flows in the other models are similar to those in Model I. The 10 
U.S.D.A. territories are on aggregation of the 152 producing regions 
and shown in Figure 10. Similarly, the 10 U.S.D.A. consuming terri-
tnrimR arp sn aggregation of the 78 consuming regions and are shown 
in Figure 11. 
In the second part, grain transportation costs, the quantities of 
grain hauled by modes, and ton-miles traveled by modes are analyzed, 
compared and summarized at the national level. The quantity of grain 
shipped, grain transportation costs, and water access points are 
presented in Tables 99 through 108 in Appendix B. 
Analysis of the basic models (Model I and Model II) 
Model I and Model II are included in the basic models. Model I, 
used as the base model for comparing the results of other models, is 
(1) Northeast 
(3) Corn 
( 5 )  Appalachian 
( ^ )  Mountain 
(8) Southern 
Plains 
Figure 10. Delineation of ten producincf territories 
Figure 11. The delineation of ten consuming territories 
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based on the projection of demand and yield for 1980, the estimated 
1972 rail, water and truck transportation cost structure with a single-
car rail transportation systems, and the estimated 1972 production cost. 
Model II is the same as Model I except Model II has 50-car rail system 
instead of single-car rail system. Model I (Model II) describes the 
distribution of grain production and the grain flows from each of the 
producing regions to consuming regions with the available transporta­
tion modes of single rail car (50-car), truck, and water. 
Model I; Single-car rail system The quantities of grain shipped 
interregionally are 153,996 thousand tons and accounts for 47.6 per­
cent of total grain production.^  Almost 70 percent of total wheat 
production, 41.5 percent of total feed grain production, and 54.5 per­
cent of total soybean production are transported interregionally through 
single rail car, truck, and v.'ster transportation. Total transportation 
costs in shipping grain in Model I are 1,127 million dollars — 231 
million dollars for wheat, 757 million dollars for feed grain, and 138 
million dollars for soybeans. Single rail car is a major transportation 
mode in shipping grain and accounts for 85.4 percent of the total trans­
portation costs. Water is also important transportation mode and ac­
counts for 13 percent of the total transportation cost. 
The average distances between loading and unloading points for 
T^he quantities of grain shipped are counted more than once when­
ever more than one transportation modes are used between producing 
region and final destination. 
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water movements are more than one thousand miles and much longer than 
the average distances moved by truck and rail. The average distance 
by rail is 837 miles for wheat movements, 872 miles for feed grain move­
ments, and 436 miles for soybean movements. Trucks are usually used 
for shipping grain to water access points and the average trip distance 
is about 32 miles for all grains. 
Grain traffic is represented by the ton-miles traveled which are 
a function of the quantity of grain hauled and the trip distance. The 
total grain traffic in Model I is 124,523 million ton-miles — 84,028 
million ton-miles for rail traffic, 37,389 million ton-miles for water 
traffic and 206 million ton-miles for truck traffic. Total wheat 
traffic by all modes is 22,198 million ton-miles — 89.3 percent of 
wheat traffic by rail, 10.6 percent by water and 0.1 percent by truck. 
Total feed grain traffic by all modes is 85,614 million ton-miles — 
70-4 percent of total feed grain traffic by rail, 29.4 percent by 
water, and 0.2 percent by truck. Total soybean traffic by all modes 
is 16,811 million ton-miles — 41.1 percent of soybean traffic by rail, 
58.4 percent by water, and 0.5 percent by truck. Rail transportation 
is more important in shipping wheat than in shipping other grains and 
water transportation is more important in shipping soybeans than in 
shipping other grains. Interregional flows of grain in Model I are 
the following; 
Wheat The Northern Plains and the Mountain Territories 
have a surplus of wheat production and the rest of the territories have a 
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shortage of it (Table 22). Thus, a large quantity of wheat flows from 
the Northern Plains and Mountain Territories to other territories. 
Especially, the Northern Plains exports about 16 million tons of wheat 
to other regions. The list of movements of wheat between the ten 
territories is shown in Table 23 and the flows of wheat are presented 
in Figure 12 graphically. Most of the surplus production of wheat in 
the upper part of the Northern Plains goes to the Lake States and North­
east Territories to satisfy its domestic and export demand. The large 
export and domestic demand for wheat in the Gulf are satisfied by the 
production in the Southern Plains. Surplus production in the Mountain 
Territories goes to Seattle and Portland by rail transportation or 
water transportation via the Columbia-Snake. Most wheat movements 
to New Orleans are carried by water transportation via the Mississippi 
system — water alone, water-rail combination, and water-truck combina­
tion. For example, the surplus wheat produced in Arkansas, Nebraska, 
Wyoming, and Iowa is shipped to New Orleans by water-way transportation. 
Other shipments by water are from North Dakota to Buffalo and New York 
via the Great Lakes. The shipments by water are shown in Figure 13. 
Feed grain Feed grains produced in the Corn Belt, Lake 
States, and Northern Plains territories account for 85.2 percent of the 
total feed grain production — 52 percent in the Corn Belt, 21 percent in 
the Northern Plains, and 12.2 percent in Lake States. These territories 
have a surplus of feed grain production and the rest of the regions 
have a shortage of it (Table 24). Thus, a large quantity of feed grain 
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Table 22. Estimated total quantity of wheat production and demand 
by 10 U.S.D.A. regions in Model I in 1980 
Region Production Demand 
Northeast 
Lake States 
Corn Belt 
Northern Plains 
Appalachian 
Southeast 
Delta States 
Southern Plains 
Mountain 
Pacific 
(thousand tons) 
536.0 
951.8 
4568.0 
19283.4 
429.1 
173.3 
291.7 
6337.3 
6323.1 
4553.0 
2906.9 
5687.0 
7407.5 
2842.6 
1895.0 
517.8 
2297.5 
10606.7 
1244.3 
8451.1 
43545.7 43545.7 
flows from the Lake States, Corn Belt, and Northern Plains to other 
regions. The list of feed grain movements between the ten territories 
is shown in Tables 25 and 25. The feed grain flows from the Corn Belt 
to the Northeast, Appalachian, Southeast, Delta States, and Mountain 
territories and from the Northern Plains to the Delta States, South­
east, Mountains, and Pacific territories through both time periods. 
Since production of feed grain is concentrated in the Corn Belt 
Table 23. Movements of wheat within and between ten territories for Model I 
To 
Northeast 
(1) 
Lake 
States 
(2) 
Corn 
Belt 
(3) 
Northern 
Plains 
(4) 
Appalachia Southeast 
(5) (6) 
Delta 
States 
(7) 
Southern 
Plains 
(8) 
Mountain 
(9) 
Pacific 
(10) 
From (thousand tons) 
(1) 0 0 0 0 0 0 0 0 0 0 
(2) 0 10 0 0 0 0 0 0 0 0 
(3) 1 14 89 0 97 0 0 0 0 0 
(4) 2,376 4,998 1,398 0 1,388 329 743 3,870 0 0 
(5) 0 0 0 0 64 0 0 0 0 0 
(6) 0 0 0 0 0 8 0 0 0 G 
(7) 0 0 0 0 0 8 142 0 0 0 
(8) 0 0 0 0 0 9 0 5,378 0 0 
(9) 0 0 440 0 0 0 1,033 204 2 3,160 
(10) 0 0 0 0 0 0 0 0 0 4,234 
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i-T/ 
0Consuming region hub 
destination origin 
Figure 12. Flows of wheat; Model I 
states — Ohio, Illinois, Indiana, and Iowa, feed grain produced in 
Ohio, Illinois, and Indiana flows to the Southeast territory and that 
produced in Iowa and Minnesota flows to the Northeast territory. 
Production in the states in the Southern Plains and Northern Plains — 
North Dakota, South Dakota, Nebraska, and Kansas satisfies the ex­
cess demand throughout the Mountain and Pacific territories. Very 
few movements cross a line running from North Dakota to the eastern 
border of Texas. There are more flows in period 2 than in period 1 
but there are few differences between the flow patterns of the two 
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^ n 
origin destination 
Thousand tons 
Figure 13. Wheat shipped by water in Model I (single-car) 
— 
©Consuming region hub 
origin destination 
Figure 14. Flows of feed grain: Period 1, Model I 
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Table 24. Estimated total quantity of feed grain production and 
demand by 10 U.S.D.A. regions in Model I in 1980 
Region Production Demand 
period 1 period 2 
Northeast 
(thousand 
4,636.3 
feed units) 
6,350,7 10,032, .1 
Lake States 27,546.4 5,875.3 12,907, .2 
Corn Belt 116,121.0 21,323,7 42,118 .2 
Northern Plains 46,077.9 9,974.3 19,342 .9 
Appalachian 3,329.0 5,072,7 8,896 .2 
Southeast 2,834.7 5,830,2 10,160 .0 
Delta States 50.16 9,818,3 16,815 .8 
Southern Plains 15,427.4 6,199.9 10,643 .7 
Mountains 5,093.0 3,177.9 5,811 .3 
Pacific 1,289.1 4,594.1 7,914 .8 
periods. A major difference between time periods is the flows to the 
Gulf. Feed grain moves from Iowa and Minnesota to the Gulf during 
period 2 when the Upper Mississippi River is open. No truck movements 
appear in feed grain shipments for time period one. 
Water movements of feed grain are from Illinois, Iowa, and 
Minnesota to the Gulf ports and Memphis in both periods. Illinois has 
a special geographical advantage for supplying the Gulf ports because 
the Illinois Water lies near the state's heavy corn producing areas 
Table 25. Movements of feed grain within and between ten territories for Model I (period 1} 
To 
From 
Northeast 
(1) 
Lake 
States 
( 2 )  
Corn Northern Appalachia Southeast 
Belt Plains 
(3) (4) (5) (6)  
Delta 
States 
(7) 
Southern Mountain Pacific 
Plains 
(8) (S) 
(thousand tons) 
(10) 
(1) 0 0 0 0 0 0 0 0 0 0 
(2) 1,830 162 0 0 0 0 0 0 0 0 
(3) 3,108 0 0 0 2,648 4,819 1,452 1,452 49 0 
(4) 0 348 0 206 0 0 1,743 1,743 776 3,771 
(5) 0 0 0 0 0 0 0 0 0 0 
(6) 0 0 0 0 0 0 0 0 0 0 
(7) 0 0 0 0 0 0 0 0 0 0 
(8) 0 0 0 0 0 0 0 0 675 258 
(9) 0 0 0 0 0 0 0 0 216 284 
(10) 0 0 0 0 0 0 0 0 0 0 
Table 26. Movements of feed grain witïiin and between ten territories for Model I (period 2) 
Northeast Lake Corn Northern Appalachia Southeast Delta Southern Mountain Pacific 
From States Belt Plains States Plains 
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 
(thousand tons) 
To 
(1) 0 C) 0 0 0 0 0 0 0 0 
(2) 2,196 594 0 0 0 0 1,543 0 0 0 
(3) 4,862 0 0 0 8,342 8,439 11,412 0 92 0 
(4) 0 2,190 0 1,306 0 0 4,004 1,426 3,683 3,606 
(5) 0 C) 0 0 195 0 0 0 0 0 
(6) 0 C) 0 0 0 0 0 0 0 0 
(7) 0 0 0 0 0 0 0 0 0 0 
(8) 0 0 0 0 0 0 0 0 92 2,837 
(9) 0 0 0 0 0 0 0 0 0 886 
(10) 0 0 0 0 0 0 0 0 0 0 
172 
f-
Ok 
0 Consuming region hub 
destination origin 
Figure 15. Flows of feed grain: Period 2, Model I 
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Figure 15. Feed grain shipped by water in Model I (single-car) 
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(Figure 16). 
Soybeans The Lake States, Corn Belt, Northern Plains, 
Southern Plains, and Southeast territories have a surplus of soybean 
production and the rest of the territories have a shortage of it. Demand 
for soybeans is heavily concentrated in the Delta States because of a 
large quantity of export demand in the Gulf (Table 27). Thus, soybeans 
flow from these surplus territories to the shortage territories. 
Especially, the Delta States territory imports a large quantity of soy­
beans from all the surplus production territories — from the Corn 
Belt and Southeast in period 1 and from the Lake States, Corn Belt 
and Northern Plains in period 2. The list of movements of soybeans 
between the ten territories are presented in Tables 28 and 29 for both 
periods. 
There are not many movements in the western and eastern states. 
In general, tne demand for soybeans by tne soybean processing industry 
is satisfied by local production. A difference exists between flows 
in period 1 (Figure 17) and period 2 (Figure 18). The large New 
Orleans demand during period 1 is satisfied by producing regions lying 
generally south of St. Louis, especially, from Alabama, Georgia, 
and Florida. Although many soybeans from these regions also move to 
New Orleans in period 2, many more move from the Corn Belt, Northern 
Plains, and the Lake States. 
Most of the movements to New Orleans is carried by water transpor­
tation via the Mississippi system. The difference patterns for the 
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Table 27. Estimated total quantity of soybean production and demand 
by 10 U.S.D.A. regions in Model I in 1980 
Region Production 
Demand 
period 1 period 2 
Northeast 
Lake States 
Corn Belt 
Northern Plains 
Appalachian 
Southeast 
Delta States 
Southern Plains 
Mountain 
Pacific 
Total 
586.2 
4653.2 
21553.3 
7473.9 
2386.9 
4016.9 
7477.9 
3436.3 
0 
0 
51584.6 
(thousand ton) 
474.1 
651.5 
5402.9 
818.3 
934.1 
727.4 
8276.9 
888.0 
0 
73.9 
18247.1 
492.9 
1692.9 
14460.3 
1661.4 
1449.4 
1476.9 
12659.7 
1281.7 
0 
150.1 
35325.3 
two periods arise from the use of the Missouri and Upper Mississippi 
Rivers only during period 2 (Figure 19). 
Model II ; 50-car rail system The transportation costs of shipping 
grain is lower in the 50-car rail system than in the cingls-car rail sys­
tem. Obviously, more rail transportation is used in shipping grain in 
Model II than in Model I. Model II is designed to see the changes in 
grain production, grain sales, grain transportation costs, grain traffic, 
and flows of grain when the 50-car rail cost scales are applied for the 
Table 28. Movements of soybeans within and between ten territories for Model I (period 1) 
Northeast Lake Corn Northern Appalachia Southeast Delta Southern Mountain Pacific 
From States Belt Plains States Plains 
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 
(thousand tons) 
(1) 0 0 0 0 0 0 0 0 0 0 
(2) 0 0 774 0 0 0 0 0 0 0 
(3) 0 0 844 0 0 0 1,495 0 0 0 
(4) 0 43 0 0 0 0 407 56 0 0 
(5) 0 0 0 0 99 0 109 0 0 0 
(6) 196 0 0 0 287 0 1,105 0 0 0 
(7) 0 0 0 0 0 0 2,271 0 0 0 
(8) 0 0 0 0 0 0 846 608 0 16 
(9) 0 0 0 0 0 0 0 0 0 0 
(10) 0 0 0 0 0 0 0 0 0 0 
Table 29. Movements cf soybeans within and between ten territories for Model I (period 2) 
Northeast Lake Corn Northern Appalachia Southeast Delta Southern Mountain Pacific 
From States Belt Plains States Plains 
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 
„ (thousand tons) 
To 
(1) 1 0 0 0 0 0 0 0 0 0 
(2) 0 0 438 0 0 0 1,117 0 0 0 
(3) 0 0 795 0 97 0 3,440 0 0 0 
(4) 0 458 1,099 0 0 0 2,216 199 0 109 
(5) 0 0 0 0 256 0 0 0 0 0 
(6) 162 0 0 0 201 0 0 0 0 0 
(7) 0 0 0 0 0 0 939 0 0 0 
(8) 0 0 0 0 0 0 795 224 0 32 
(9) 0 0 0 0 0 0 0 0 0 0 
(10) 0 0 0 0 0 0 0 0 0 0 
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Figure 17. Flows of soybeans: Period 1» Model I 
rail transportation system. 
The quantities of grain hauled The quantities of grain 
hauled are 148,210 thousand tons and account for 45.8 percent of total 
grain production. This quantity of grain is 3.8 percent less than in 
Model I. 67.3 percent of wheat production, 39.8 percent of feed grain 
production, and 53.1 percent of soybean production are moved inter-
regionally by 50-car, truck, and water transportation. 
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Figure 18. Flows of soybeans: Period 2, Model I 
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Figure 19. Soybeans shipped by water in Model I (single-car) 
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Grain transportation costs The total transportation costs in 
Model II are 1,058 million dollars — 213 million dollars for wheat, 
712 million dollars for feed grain, and 133 million dollars for soy­
beans. Thus, the savings in transportation costs are 69 million 
dollars from grain movements with a 50-car rail system — 18 million 
dollars from wheat movements, 45 million dollars from feed grain move­
ments and 5 million dollars from soybean movements (Table 30). Rail 
transportation accounts for 88.8 percent of total transportation 
costs, water 10.6 percent, and truck 0.6 percent. In this model, 
more rail cars are used in shipping grain to consuming regions. 
Grain traffic The average distance by 50-car rail is longer 
than that by single-car. Water hauls grain for longer distance move­
ments in Model II than in Model I, while truck hauls grain for shorter 
distance movements. 
Grain traffic is represented by ton-miles which depends on the 
quantity of grain hauled and the trip distance. Ton-miles by rail 
transportation are substantially increased and ton-miles by water 
and truck are decreased due to the cheaper transportation costs in 
rail and relatively expensive transportation costs in water and truck. 
However, 3,022 million ton-miles of grain traffic are saved by using 
the 50-car rail system (Table 30). Total wheat traffic by all modes 
is 21,045 million ton-miles — 97.7 percent of total wheat traffic 
by rail, 2.3 percent by water, and no truck traffic for wheat movements. 
Total feed grain traffic by all modes is 84,006 million ton-miles — 
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Table 30. Comparison between Model I and Model II in grain transporta­
tion 
Model I Model II 
Saving by 
Model II 
Grain sales 
(thousand ton) 
Wheat 31,449 30,350 1,099 
Feed grain 93,291 89,532 3,968 
Soybeans 29,256 28,528 728 
Total 153,996 148,201 5,795 
Transportation costs 
(thousand dollars) 
231,693 223,007 8,686 
Feed grain 757,103 712,105 44,998 
Soybeans 138,478 133,205 5,273 
Total 1 ,127,274 1,058,691 68,583 
Traffic 
(million ton-miles) 124,623 121,601 3,022 
75.7 percent of total feed grain traffic by rail, 24.3 percent for 
feed grain by water, and no truck traffic for feed grain movements. 
Total soybean traffic by ^11 modes is 16.551 million ton-miles — 46.5 
percent of total soybean traffic by rail, 53 percent by water, and 0.5 
percent by truck. As in Model I, rail is more important in shipping 
wheat than in shipping other grains and water is more important in 
shipping soybeans than in shipping others. 
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Grain flows 
Wheat As in Model I, a large quantity of wheat flows 
from the Northern Plains and Mountain territories to other territories. 
The Northern Plains territory exports most of its surplus wheat production 
to the Northeast and Lake States, Corn Belt, Appalachian, Delta States, 
and Southern Plains. The mountain territory exports wheat production 
to the Southern Plains and Pacific territories. The flows of wheat 
production in Figure 20 are summarized in the following: 
1. There are no differences in the general pattern of wheat 
flows in Model I and Model II (Figure 20). 
2. Sometimes, routes in Model I are removed and are not substi­
tuted by alternative routes because the quantity supplied 
from another region increases. Some water and truck trans­
portation is replaced by rail transportation. For example, 
three water-rail movements of wheat from Iowa, Wyoming, and 
Nebraska to New Orleans, and a truck movement from Idaho 
to Oregon are removed. Wheat produced in Kansas flows to 
Houston instead of the eastern states (Figure 25). 
3. The quantity shipped via the Great Lakes declines from 883 
thousand tons in Model I to 199 thousand tons in Model II 
resulting in very little wheat shipped by water (Figure 25). 
The removal of a route without the replacement by another occurs 
throughout the comparisons. With feed grain and soybeans, the removal 
of a flow in one time period may be replaced by a flow in the other 
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Figure 20. Change in flows of wheat between Model I and Model II 
period. However, in the case of wheat, which has only one time period. 
It implies that the quantity associated with one of the flows that ap­
pears in both models increases. 
Feed grain The general movements of feed grain be­
tween the ten territories are the same as those in Model I. Most 
surplus production of feed grain flow from the Corn Belt to the North­
east, Appalachian, Southeast, and Delta States throughout both time 
periods and from the Northern Plains to the Northeast, Delta States, 
Southern Plains, and Pacific territories, but the quantity moved in 
period 2 is much larger than in period 1. 
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The changes in the individual flows from producing region to 
consuming region are summarized in the following; 
1. Water shipments from Illinois to Houston and Mobile, Alabama 
are displaced by rail movements from Iowa and Nebraska in 
period 1 (Figure 21). No highway transportation is hired 
in shipping grain in period 1. 
2. Several changes occur in period 1 but only a few in period 
2 (Figure 22), because in period 2 more water transportation 
is available from the Corn Belt to the Gulf. 
Soybeans There are no differences in the general 
pattern of the territorial flows in Model I and Model II, but the few 
detailed differences are related. The Delta States territory imports 
most soybeans from the Corn Belt and Southeast in period 1 and from 
the Corn Belt and Northern Plains in period 2. 
The changes in the individual flows of soybean production are 
summarized in the following; 
1. There are some changes in period 1 (Figure 23) and five 
additional flows occur in period 2 (Figure 24). 
2. The movements of soybeans to New Orleans by water decline 
slightly (two water movements from Minnesota to New Orleans 
and Illinois to Mobile, Alabama are removed) but most of the 
flows by water are unchanged (Figure 27). 
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Figure 21. Change in flows of feed grain in period 1 between Model I 
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Figure 22. Change in flows of soybeans for period 1 between Model I 
and Model II 
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Figure 23. Change in flows of feed grain in period 2 between Model I 
and Model II 
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Figure 24. Change in flows of soybeans for period 2 between Model I and 
Model II 
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Figure 25. Wheat shipped by water in Model II (50-car) 
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Figure 26. Feed grain shipped by water in Model II (50-car) 
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Figure 27. Soybeans shipped by water in Model II {50-car) 
Sensitivities in rail and water transportation (Models III, TV.. V and VI) 
Model III and IV are the same as Model I except Model III has 
10 percent higher single-car rail transportation costs than Model I 
and Model IV has 20 percent higher single-car rail transportation costs. 
Models V and VI are the same as Model I except Model V has 10 percent 
higher barge transportation costs than Model I and Model VI has 20 
percent higher barge transportation costs. 
Models III through VI are designed to see the sensitivities be­
tween rail and water transportation. Obviously, more water transporta­
tion instead of rail transportation is used in shipping grain with 10 
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percent and 20 percent increases in rail transportation cost. In 
contrast, more rail transportation instead of water transportation is 
used in shipping grain with 10 percent and 20 percent increases in 
water transportation costs. The price and cross elasticities of demand 
for transportation are estimated in this study. The price elasticity 
of demand for rail (water) transportation is defined as the relative 
responsiveness of the quantity of grain demanded for rail (water) 
transportation to changes in rail (water) transportation price; or in 
other words the percentage change in the quantity of grain transported 
resulting from a given percentage change in the transportation price. 
The price elasticity defined is estimated in the following 
Equation (4-1). 
"mm) ' 
percentage change in quantity of grain hauled by rail (water) 
percentage change in the price of rail (water) transportation 
where; 
^RR(WW) ~ price elasticity coefficient of rail (water) 
0 . . = auantitv demanded (actually there are two quantities, 
~R(W) -
one is low quantity and the other is high quantity. The 
study uses high quantity) 
^R{W) ~ price (there are two prices, one is low price and the 
other is high price. The study uses high price) 
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®R(W) " quantity changed 
PR(W) = price changed 
Demand for rail (water) transportation is classified as price 
elastic, as unitary price elasticity, or as price inelastic depending 
upon the value of N. If N>1, demand is said to be elastic. If N=l, 
demand has unit elasticity. Finally, if N<1, demand is inelastic. 
Cross elasticity of demand for transportation is defined as the 
percentage changes in the quantity of grain hauled by rail (water) 
resulting from a given change in the price of water (rail). The cross 
elasticity is estimated in the following Equation (4-2): 
percentage change in quantity of grain hauled by rail (water) 
percentage change in price of water (rail) transportation 
where : 
^RW(WR) ~ cross elasticity coefficient 
QR(W) = defined previously 
^W(R) ~ defined previously 
^W(R) — uci-xiicu jjicvAvjuoxy 
QR(W) = defined previously 
The two transportation modes are classified as substitutes or comple-
> 
ments as < 0. 
RW 
The sensitivities between rail and water transportation can be 
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estimated from either the quantities of grain hauled or the ton-miles 
of grain traffic when rail and water tramsportation costs are changed. 
The following section discusses the changes in the quantities of grain 
hauled and the ton-miles of grain traffic between models by using 
price and cross elasticities. 
The price and cross elasticities are estimated under the follow­
ing assumption that the transportation costs estimated in this study 
are the saae as the transportation rates charged by the transportation 
industry. 
Grain transportation costs The total transportation costs are 
1,195 million dollars in Model III, 1,263 million dollars in Model IV, 
1,139 million dollars in Model V, and 1,146 million dollars in Model 
VI. Model IV has the highest transportation cost among the ten models. 
Transportation cost hauling grain is 12 percent higher in Model IV than 
in Model I and 6 percent higher in Model III. When barge transporta­
tion costs are increased in Models V and VI, the total transportation 
costs are increased 0.9 percent in Model V and 1.7 percent in Model VI. 
The impact of changes in rail transportation cost is much more signifi­
cant than that in barge transportation cost in view of grain producers, 
shippers, and consumers. 
Price and cross elasticities based on quantity of grain The 
quantities of grain hauled are 157,814 thousand tons in Model III, 
161,499 thousand tons in Model IV, 149,886 thousand tons in Model V 
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and 148,682 thousand tons in Model VI. The increases in rail transpor­
tation costs in Models III and IV result in the increases in the quanti­
ties of grain shipped between regions because a large amount of grain 
is moved by rail-water or truck-water combination and is double counted. 
In Models III and IV, the quantities of wheat, feed grain, and soybeans 
shipped by rail decrease and those shipped by water increase, and vis-a­
vis in Models V and VI. 
The variations in the quantities of wheat shipped in the Mississippi 
system and Columbia-Snake system are large between models (Table 37). 
The quantities of wheat shipped through the Great Lakes are constant 
in Models I, III, IV, V and VI. 
The coefficients of the price elasticities for rail transportation 
are lower than for water transportation (Table 38), because rail com­
petes with only truck on the land but water competes with both rail and 
truck. In wheat movements, a 10 percent (20 percent) increase in water 
transportation costs results in more than a 10 percent (20 percent) 
decrease in the quantities shipped by the water transportation mode — 
donand for water transportation of wheat movements is elastic, and the 
same percentage increase in rail transportation cost results in a much 
lower percentage decrease in the quantities of grain hauled by the 
transportation mode — demand for rail transportation of wheat movements 
is inelastic. The demand for rail transportation of feed grain is much 
more inelastic than wheat — nothing is greatly changed in the quantity 
of feed grain shipped by rail with the increases in rail transportation 
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Table 31. The estimated quantities (narrations) of grains shipped 
by rail and water in Models I, III, IV, V, and VI 
Model I Model III Model IV Model V Model VI 
(thousand tons) 
Wheat 
(100.0) (93.0) (91.8) (99.8) (100.6) 
Rail 29,734 27,653 27,282 29,663 29,914 
(100.0) (211.4) (286.5) (81.5) (56.6) 
Water 1,595 3,329 4,513 1,283 891 
Feed grain 
(100.0) (98.8) (95.0) (105.3) (105.1) 
Rail 69,656 68,836 66,369 73,118 73,231 
(100.0) (105.4) (118.6) (82.1) (81.5) 
Water 19,320 20,365 22,908 15,858 15,746 
Soybean 
(100.0) (75.2) (82.6) (102.4) (107.9) 
Rail 17,351 16,523 14,325 17,775 18,714 
(100.0) (103.4) (120.9) (98.0) (81.2) 
Water 9,385 9,703 11,350 9,198 7,618 
Table 32. The estimated quantities of wheat shipped by water in the 
Mississippi, Columbia-Snake, and Great Lakes in Model I, 
III, IV, V and VI 
Mississippi Columbia-Snake Great 
system system Lakes 
(thousand tons) 
Model I 552 140 883 
Model III 1,054 1,392 883 
Model IV 1,926 1,705 883 
Model V 260 140 883 
Model VI 8 0 883 
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Table 33. Estimated elasticities of demand for transportation of 
wheat, feed grain, and soybeans measured by quantity 
shipped 
Wheat Soybeans 
Grain 
Price elasticity 
10% rail increase 0.699 0.118 0.477 
20% rail increase 0.412 0.236 0.872 
10% water increase 1.854 1.792 0.199 
20% water increase 2.171 0.925 1.160 
Cross elasticities 
10% rail increase - 0.513 0.328 
20% rail increase - 0.783 0.815 
10% water increase -0.239 0.473 0.239 
20% water increase 0.030 0.244 0.364 
Table 34. Estimated elasticities of demand for transportation of wheat 
measured by quantity shipped in Mississippi and Columbia-
Snake River 
Mississippi Columbia-Snake 
Price elasticity 
10% water increase 5.290 0 
20% water increase 4.928 °° 
Cross elasticities 
10% rail increase 2.384 8.998 
20% rail increase 3.571 4.591 
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costs, with a 10 percent increase in water transportation costs, the 
feed grain demand is elastic but with a 20 percent increase, it is al­
most unit elastic. The demand for soybean transportation is inelastic 
in not only rail transportation but also for a 10 percent increase in 
water transportation costs. 
The coefficients of cross elasticities of demand are positive 
except for wheat (Table 34). This means that water and rail transporta­
tion in the Mississippi River, Columbia-Snake, and Great Lakes are 
substitutable and compete with each other. Since the coefficients of 
cross elasticities of rail transportation for water is larger than 
those of water for rail, rail is said to be more sensitive to water 
transportation costs in shipping grain, and vis-a-vis. 
Wheat movements in the Mississippi and Columbia •••Snake are very 
sensitive to changes in transportation costs. The 10 percent and 20 
/>>-»+- T V/;»» COc i r> *• vaa+• i/-Nrt r>r\c^c t r> Mi QC1 QC 1 r>TM 
River result in a much larger decrease in the quantities of wheat shipped 
by water. In the Columbia-Snake, the sensitivity is more — the 10 
percent increase in water transportation costs results in no changes in 
the quantity shipped but the 20 percent increase results in no wheat 
movements via the Columbia-Snake. 
The coefficients of the cross elasticities of rail for water are 
very high in both the Mississippi and Columbia-Snake (Table 34) -«r 
rail transportation is replaced by water in shipping wheat in both the 
Mississippi and Columbia-Snake when rail costs are increased 10 percent 
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and 20 percent. This sensitivity in the Columbia Snake is much higher 
than in the Mississippi River. 
Price and cross elasticities based on the ton-miles of grain 
traffic The elasticities of transportation also can be estimated 
by using the ton-miles of grain traffic under the same assumption as 
those in the previous section. The estimated ton-miles by grains and 
transportation modes are presented in Table 35 and the estimated ton-
miles of wheat traveled in the Mississippi system, Columbia-Snake system 
and Great Lakes are given in Table 36. The estimation of elasticity 
based on ton-miles is more representative than that based on quantity 
because ton-miles estimated in this study is not counted more than once. 
The coefficients of price elasticities of demand for rail transporta­
tion of all grains are lower than those for water transportation. 
In wheat movements, the 10 percent and 20 percent increases in rail 
transportation costs result in a much lower percentage decrease in the 
ton-miles moved by rail — the demand for rail transportation in land 
movement in inelastic, and the same percentage increases in water 
transportation costs result in greater changes in ton-miles moved by 
water — demand for water transportation of wheat is elastic (Table 
37). The elasticities of demand for rail transportation of feed grain 
are inelastic — nothing is greatly changed in the ton-miles of feed 
grain traffic moved by rail with the increases in rail transportation 
costs. The elasticities for water are higher than for rail in feed 
grain movements (Table 37) . 
196 
Table 35. The estimated ton-miles of grains traveled by rail and water 
in Models I, III, IV, V and VI 
Model I Model III Model IV Model V Model VI 
Wheat 
Rail 
Water 
Feed grain 
Rail 
Water 
Soybean 
Rail 
Water 
(100.0) 
19,825 
(100.0) 
2,369 
(100.0) 
60,297 
(100.0) 
i,201 
(100.0) 
6,906 
(100.0) 
9,820 
(million tons) 
(95.6) 
18,948 
(113.1) 
2,679 
(96.8) 
58,376 
(107.8) 
(95.7) 
6,610 
(104.2) 
10,236 
(92.2) 
18,284 
(191.8) 
4,543 
(92.7) 
55,925 
(120.5) 
30,371 
(80.9) 
5,589 
(124.8) 
12,257 
(100.6) 
19,950 
(85.4) 
2,023 
(105.3) 
63,512 
(81.0) 
(105.4) 
7,282 
(92.2) 
9,052 
(101.6) 
20,104 
(76.5) 
1,813 
(105.5) 
63,611 
(80.4) 
20,425 20,270 
(118.9) 
8,210 
(79.3) 
7,782 
Table 36. The estimated ton-miles of wheat traveled by waterway in 
the Mississippi, Columbia-Snake, Great Lakes in Model I, 
III. IV, V and VI 
Mississippi 
system 
Columbia-Snake Great 
system Lakes 
Model I 
Model III 
MOïîsl JV 
Model V 
Model VI 
(million tons) 
513.3 
1,133.2 
2,138.4 
213.2 
160.0 
45.5 
426.1 
526=2 
45.5 
0 
1,810.1 
1,810.1 
1 ; 8 1 0 - 1  
1,810.1 
1,810.1 
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When rail costs are increased 20 percent, the demand elasticity 
of soybeans is 0.955 — the ton-miles by rail and rail cost are changed 
in almost the same proportion. The reason is the relatively larger 
quantity of soybeans moved to the Gulf via the Mississippi River. 
The coefficients of the cross elasticities of demand are posi­
tive. This means that rail and water transportation in the Mississippi 
River, Columbia-Snake, and Great Lakes are substitutable and also 
compete with each other. Rail transportation costs of wheat and feed 
grain are sensitive to water transportation costs but water transpor­
tation costs are insensitive to rail. In soybeans, the sensitivities 
between rail and water are almost the same. 
Wheat movements in the Mississippi and Columbia-Snake are very 
sensitive to the changes in transportation costs (Table 38). The 
increases in water transportation costs in the Mississippi and Columbia-
snake Rivers result in a much hiylici percenLage decrease in the ten-
miles of grain traffic moved. In the Columbia-Snake, the price elasti­
cities are just the same as those in the previous section. 
The coefficients of the cross elasticities of rail for water 
are very high in both the Mississippi and Columbia-Snake. Thus, the 
sensitivities between rail and water are high in both river systems. 
198 
Table 37. Estimated elasticities of demand for transportation of 
wheat, feed grain, and soybeans measured by ton-miles of 
traffic 
Wheat 
Feed 
grain 
Soybeans 
Price elasticity 
10% rail increase 0.442 0.319 
20% rail increase 0.389 0,361 
10% water increase 1.461 1.895 
20% water increase 1.173 0.978 
0.421 
0.955 
0.782 
1.035 
Cross elasticity 
10% rail increase 1.137 0.721 
20% rail increase 2.393 0.851 
10% water increase 0.063 0.505 
20% water increase 0.059 0.260 
0.405 
0.994 
0.544 
0.794 
Table 38. Estimated elasticities of demand for transportation of 
wheat measured by ton-miles of traffic in Mississippi and 
Columbia-Snake River 
Mississippi Columbia-Snake 
jbTice elasticity 
10% water increase 5.497 0 
20% water increase 4.981 
Cross elasticity 
10% rail increase 5.472 8.944 
20% rail increase 3.837 4.572 
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Interregional flows of grain 
Model III; 10 percent increase in rail transportation cost 
Model III has a 10 percent greater rail cost as compared to those in 
Model I. In other words, a single-car rail system is assumed in 
both Model I and Model III, but rail costs are 10 percent higher in 
the latter. Hence, the changes indicated for Model III are in comparison 
with the results for Model I. 
VTheat As in Model I, a large quantity of wheat flows 
from the Northern Plains and Mountain territories to other territories. 
Most of the wheat produced in the Northern Plains flows to the North­
east, Lake States, Corn Belt, Appalachian, and Southern Plains and 
most of the wheat produced in the Mountain territories flows to the 
Pacific territories. The flows of wheat production in Figure 28 are 
summarized in the following: 
1. The pattern of wheat flows varies little from Model I to 
Model III (Figure 28). 
2. The quantities carried by the Mississippi and Columbia-
Snake waterways increase substantially {Figure 28), in­
cluding movements from North Dakota and South Dakota to 
New Orleans. 
3. There is no change in the quantity carried by the Great 
Lakes but it is separated into two flows in Model III 
(Figure 33). 
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Figure 28. Change in flows of wheat between Model I and Model III 
Feed grain The general movements of feed grain between 
the ten territories are the same as those in Model I. Most feed grains 
produced in the Corn Belt go to the Northeast, Appalachian, Southeast, 
and Delta States, and those produced in the Northern Plains flow to 
the Lake States, Delta States, Southern Plains, Mountain and Pacific 
territories. A large quantity of feed grain is imported by the North­
east, Appalachian, and Delta States to meet their domestic and foreign 
export demand in time period 2. In period 1, a large quantity of feed 
grain flows from the Corn Belt to the Northeast, Appalachian, South­
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east, Delta States, and Southern Plains, and from the Northern Plains 
to the Pacific territory. The Delta States do not import feed grain 
from the Northern Plains in time period 2 because the river is 
frozen. 
The individual flows of feed grain are summarized in the following: 
1. Changes in the flows of feed grain under Model III center 
around the movements from the Corn Belt to the Gulf 
(Figures 29 and 30). 
2. A water movement from Iowa displaces a rail movement from 
Nebraska (Figure 34). 
3. The changes in Model III with high rail costs are just as 
great in period 2 as in period 1, which contrasts the changes 
under Model II with lower rail costs. 
Soybeans As in Model I,- a large quantity of soybeans 
are imported by the Delta States in both time periods, because of the 
large export demand at the Gulf. 
The individual flows of soybean production are summarized: 
1. There are few changes in the flow of soybeans between Model 
I and Model III (Figures 31 and 32). 
2. The differences in period 1 are associated with those of 
period 2. For example, flows from Wisconsin to Chicago, 
Indiana to Ohio and Kentucky to Tennessee are added in 
period 1 and moved in period 2 or vice versa. 
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Figure 29. Change in flows of feed grain in period 1 between Model I 
and III 
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Figure 30. Change in flows of feed grain in period 2 between Model I 
and Model III 
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Figure 31. Change in flows of soybeans for period 1 between Model I 
and Model III 
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Figure 32. Change in flows of soybeans for period 2 between Model I 
and Model III 
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Figure 33. Wheat shipped by water in Model III (10% rail) 
E'jr- 1 Ï—V-.V/ 
V 
origin destination 
(thousand tons) 
^igure 34. Feed grain shipped by water in Model III (10% rail) 
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Figure 35. Soybeans shipped by water in Model III (10% rail) 
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Figure 36. Change in flow of wheat between Model I and Model IV 
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3. The increased rail costs with Model III expand the movements 
to New Orleans by water (Figure 35), 
Model IV: 20 percent increase in rail transportation cost 
Model IV has rail transportation costs 20 percent greater than Model I but 
all other variables are the same. Comparisons are made of the re­
sults from Model IV with the results from Model I. 
The transportation costs of short distances increased relatively 
more than long distances because the handling costs are unchaged and 
they comprise a large percentage of the costs for short distance. In 
addition, trucks can replace short rail hauls anywhere and water can 
substitute for rail only where water is available. Switching from 
longer to shorter hauls might be reflected by an increase in inter­
regional shipments. 
Wheat Wheat produced in the Northern Plains flows to 
the Northeast, Lake States, Corn Belt, Appalachian, Delta States, and 
Southern Plains. The excess demand in the Pacific territory is satisfied 
by the wheat production in the Mountain territory. The Delta and 
Southern Plains territories import wheat from the Northern Plains and 
Mountain territories because of a large quantity of domestic and export 
demand for wheat at the Gulf. Individual flows of wheat production in 
Figure 36 are summarized in the following: 
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1. The differences in the flows are greater for the 20 percent 
increase in rail transportation costs, Model IV, than for the 
10 percent increase in rail transportation costs under Model 
III. Wheat flows are added from North Dakota, South Dakota, 
and Colorado to Gulf by water, while some wheat flows from 
Wyoming and Colorado to the Gulf by rail are removed 
(Figure 36). 
2. Many, but not all, changes that occur with the 10 percent 
increase in rail costs also occur with the 20 percent increase 
in rail costs of Model IV. 
Feed grain The Corn Belt and Northern Plains export 
their feed grain production to other territories. Most of the feed 
grains produced in the Corn Belt flows to Northeast Appalachian, South­
east, Delta States and Southern Plains and that produced in the Northern 
Plains goes co the Delta Staues, and Pacific territories in period 1. 
In period 2, an increased amount of feed grain flows to the Delta 
States by water. Excess demand for feed grain in the Pacific terri­
tory is satisfied by not only production in the Northern Plains but 
also the Mountain territory. 
The individual flows of feed grain are summarized in the 
following: 
1. Added and removed flows of feed grain under Model IV are 
largely an extension of the changes which occur with a 10 
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percent increase in rail cost (Figures 37 and 38). 
2. More feed grain flows by water are added, including ship­
ments to Knoxville, Tennessee, and Tampa, Florida (Figure 
.42). 
Soybeans A large quantity of soybean flows to the 
Gulf through both periods. Soybeans produced in the Corn Belt 
flow to the,Gulf to meet its domestic and export demand in both 
periods. 
The individual flows of soybean production are summarized in the 
following: 
1. The changes in the flows of soybeans for Model IV are largely 
further extensions of the changes under Model III with the 10 
percent increase in rail costs (Figures 39 and 40). 
2. Many regions ship soybeans to New Orleans via the Ohio, 
Missouri, Mississippi and White Rivers (Figure 43). 
Model V; 10 percent increase in barge transportation costs 
Model V has barge transportation costs 10 percent greater than under 
Model I, otherwise all other variables are the same as Model I. 
Comparisons are made from the results for Model V with those for 
Model I. 
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Figure 37. Change in flows of feed grain in period 1 between Model I 
and Model IV 
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Figure 38. Change in flows of feed grain in period 2 between Model I 
and IV 
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Figure 40. Change in flows of soybeans for period 2 between Model I 
and Model IV 
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Figure 41. Wheat shipped by water in Model IV (20% rail) 
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Figure 42. Feed grain shipped by water in Model IV (20% rail) 
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Figure 43. Soybeans shipped by water in Model IV (20% rail) 
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Figure 44. Change in flows of wheat between Model I and Model V 
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Wheat The excess wheat produced in the Northern 
Plains satisfies the excess demand in the Northeast, Lake States, Corn 
Belt, Appalachian, and Southern Plains. The Mountain territories 
export wheat production to the Pacific to meet its demand. 
The individual flows of wheat are summarized in the 
following; 
1. There are few differences between the wheat flows of Model V 
and Model I (Figure 44). 
2. The barge movement from Iowa is removed but the quantity in­
volved is insignificant (Figure 49). 
3. A water flow originating in Wyoming is replaced by a rail 
movement. 
4. The cost of shipping on the Great Lakes is the same in Model 
I and Model V and the wheat movements on it are not affected. 
5. The Columbia-Snake barge -.cvemsnts are unchanged= 
Feed grain Most of the feed grain produced in the Corn 
Belt flows to the Northeast, Appalachian, Southeast, and Delta States 
territories, and that produced in the Northern Plains satisfies the ex­
cess demand in the Delta States, Southern Plains and Pacific in time 
period 1. More feed grain flows interregionally in time period 2 than in 
period 1. Feed grain flows from the Corn Belt are the same as in period 1 
except an increased quantity of feed grain is involved in each route. Feed 
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grain produced in the Northern Plains flows not only to the Delta 
States, Southern Plains and Pacific but also the Lake States in 
period 2 (Table 56), 
The individual flows of feed grain are summarized in the 
following : 
1. Changes in the flow of feed grain for both time periods under 
Model V are concentrated around the Corn Belt (Figures 45 and 
46) . 
2. The differences in the flows for the two time periods are 
related but not always of the same sign, i.e., a flow removed 
in one period may be added in the other, 
3. Model V has only three water flows compared to seven for 
Model I, however, the large flows from Illinois to Louisiana 
are maintained (Figure 50). 
Soybeans Soybean flows are concentrated to the Gulf 
because New Orleans has a large quantity of soybean demand for domestic 
and export uses in both periods. The excess demand in New Orleans is 
satisfied by the production in the Corn Belt and Southeast territories 
in time period 1. Most of the soybeans produced in the Corn Belt 
and Northern Plains goes to New Orleans to satisfy the excess de­
mand. 
The individual flows are summarized in the following: 
1. Soybean flows of Model V change very little from those of 
Model I: there are only five changes in period 1 (Figure 47) 
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Figure 45. Change in flows of feed grain in period 1 between Model I 
and Model V 
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flows of feed grain in period 2 between Model I 46. Change in 
and V 
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Figure 47. Change in flows of soybeans for period 1 between Model I 
and Model V 
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Figure 48. Change in flows of soybeans for period 2 between Model I 
and Model V 
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Figure 49. Wheat shipped by water in Model V (10% barge) 
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Figure 50. Feed grain shipped by water in Model V (10% barge) 
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and 9 changes in period 2 (Figure 48). 
2. The changes seemingly are related to the changes in the flow 
of feed grain between Model V and Model I. 
3. Most soybean shipments by barge for Model 1 remain in the 
solution of Model V (Figure 51). 
Model VI: 20 percent increase in barge costs Model VI has 
barge costs 20 percent higher than Model I. All other variables are 
the same. Again, unless otherwise indicated the comparisons are of 
Model VI and Model I. 
Wheat Most of the wheat produced in the Northern 
Plains flows to the Northeast, Lake States, Corn Belt, Appalachian, 
and Southeast territories. Since the Southern Plains, including the 
Gulf has a large demand for wheat both in domestic and foreign ex­
port usage, a large quantity of grain flows to the Gulf, wheat 
flows from the Mountain to the Pacific and Delta States to meet their 
deinands. 
The individual flows of wheat are summarized in the following: 
1. Changes in the pattern of flows under Model VI are extensions 
of those in Model V and the characteristics of higher barge 
costs become more evident (Figure 52). 
2. No wheat is barged from the Northern Plains and Corn Belt to 
the Gulf (Figure 57). 
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Figure 51. Soybeans shipped by water in Model V (10% barge) 
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Figure 52. Change of flow of wheat between Model I and Model VI 
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Figure 54. Change in flows of feed grain in period 2 between Model I 
and Model VI 
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3. Less wheat is shipped from Kansas to Appalachian and the 
Southeast and more to Kansas City and Houston. 
4. The added flows are generally shorter than those 
removed. 
Feed grain Feed grain flows within and between ten 
territories are the same as the flows in Model V in both periods. 
The individual flows are summarized in the following; 
1. The changes in feed grain movements between Model VI and 
Model I are similar to those between Model V and Model I 
(Figures 53 and 54). 
2. There are only 3 water flows in the solution 
(Figure 58). 
Soybeans The only differences between Models VI and V in 
the flows of soybeans are the quantities shipped in a given routine. Es­
pecially, the flows between Model V and Model VI are the same except the 
Corn Belt exporting more soybeans in Model VI than in Model V in period 1. 
The individual flows are summarized in the following; 
1. The five changes in the flow of soybeans during period 1 
are identical to those in Model V (Figure 55). 
2. More barge flows in period 2 are removed in Model VI than 
in Model V (Figure 56). 
3. Even with the 20 percent higher barge costs, 13 flows are 
made by water (Figure 59). 
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Figure 55. Change in flows of soybeans for period 1 between Model I 
and Model VI 
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Figure 56. Change in flows of soybeans for period 2 between Model I 
and Model VI 
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Figure 57. Wheat shipped by water in Model VI (20% barge) 
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Figure 58. Feed grain shipped by water in Model V (20% barge) 
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Figure 59. Soybeans shipped by water in Model VI (10% Gulf-Seattle) 
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Changes in cost structure (Model VII) 
Model VII is designed to see the changes in the distribution of 
grain production and transportation when the cost structure is changed — 
10 percent less in that part of the rail costs dependent on distance 
and 50 percent more in that independent of distance than in Model I. 
The rail cost per mile, under this change, is higher for short to medium 
distances and lower for longer distances, and the rail costs are 
similar to the rail rates (Figure 4). 
The quantities of grain hauled The quantities of grain hauled 
are 153,613 thousand tons and accounts for 47.5 percent of the total 
grain production. The grain sales in Model VII are 0.3 percent less 
than in Model I. 70.5 percent of total wheat production, 41.2 percent 
of total feed grain production and 50.5 percent of total soybean 
production are moved interregionally by 50-car, truck, and water 
tranzTcrtaticn (Table 39^ 
Grain transportation costs The total transportation costs in 
Model VII are 1,133 million dolalrs — 234 million dollars for wheat, 
756 million dollars for feedgrain, and 143 million dollars for soybeans. 
These transportation costs are 0.6 percent higher than those in Model 
I. There were not many changes in the transportation costs for feed 
grain but, the transportation costs for soybeans and wheat are 
substantially increased in Model VII because the average distance 
traveled by a ton of soybeans by rail is only 465 miles and the 
average distance by wheat by rail is less than 800 miles. The new 
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Table 39. Comparison between Model VII and Model I in grain transporta­
tion 
Model I Model VII 
Saving by 
Model VII 
Quantity of grain hauled 
(thousand ton) 
Wheat 31,449 31,754 -305 
Feed grain 93,291 92,503 688 
Soybeans 29,256 29,256 0 
Total 153,996 153,613 383 
Transportation cost 
(thousand dollars) 
Wheat 231,693 234,048 -2,355 
Feed grain 757,103 756,351 752 
Soybeans 138,478 142,665 -4,188 
Total 1,129,294 1,133,064 -5,790 
Traffic 
(million ton-miles) 124,623 123,598 1,025 
cost scales are more expensive in the distance less than 800 miles and 
cheaper in the distances more than 800 miles. 
Grain traffic Grain traffic is represented by ton-miles which 
depend on the quantity of grain hauled and the trip distance. The ton-
miles by rail and truck are increased and those by water are decreased 
because some long distance water movements are replaced by rail. The 
total traffic in shipping grain in Model VII is 123,598 million — 0.8 
percent less than Model I. 
Total wheat traffic by all modes is 21, 090 million ton-miles — 
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95.8 percent of total wheat traffic by rail, 3.7 percent by water, and 
0.5 percent by truck. Total feed grain traffic by all modes is 
85,808 million ton-miles — 71.2 percent by rail, 28.6 percent by water 
and 0.2 percent by truck. Finally, total soybean traffic by all modes 
is 16,701 million ton-miles — 41.7 percent by rail, 56,5 percent by 
water, and 0.2 percent by truck. From the above analysis, it is obvious 
that rail is more important in shipping wheat and feed grain than soy­
beans and water is more important in shipping soybeans than in shipping 
the others. 
Interregional flows of grain 
Wheat Most of the wheat produced in the Northern Plains 
flows to the Northeast, Lake States, Corn Belt, Appalachian and Southern 
Plains, and that produced in the Mountain territories satisfies the ex­
cess demand in the Pacific. The flows in Model VIII and Model I are 
the same except the differences in the quantity moved in a given 
route. 
The individual flows of wheat are summarized in the following: 
1. Wheat is not shipped on the Great Lakes: Minnesota and 
North Dakota continue shipping to markets surrounding the 
Great Lakes but the pattern is shuffled (Figure 60). 
2. Changes in the wheat flows to the Gulf resemble the changes 
in Model VI with its 20 percent increase in barge costs be­
cause the rail portion of the combined rail-barge hauls is 
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Figure 60. Change in flows of wheat between Model I and Model VII 
increased in model VII. 
3. There are two barge flows on the Columbia-Snake system compared 
to only one in Model I (Figure 65). 
4. Some rail-water movements of wheat are replaced by truck-water 
movements. For example, a rail-water movement from Wyoming 
to New Orleans is removed and a flow is added from Missouri 
to New Orleans by truck-water. 
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Feed grain Most of the feed grain produced in the Corn Belt 
flows to the Northeast, Appalachian, Southeast, Delta States, and Southern 
Plains territories and that produced in the Northern Plains goes to the 
Delta States, Southern Plains, and Pacific territories in period 1. In 
period 2 the pattern of flows are the same as period 1, but more feed 
grain flows in some given routes. 
The individual flows of feed grain are summarized in the follow­
ing: 
1. The differences in the flows of feed grain are fewer than those 
between Model I and the other models. Two flows are added 
from Ohio to West Virginia and Pittsburgh by truck in both 
periods. A long distance flow by rail from Iowa to Florida 
is added and that from Iowa to Nevada is removed in period 1 
(Figure 61). In period 2, more large distance flows by 
rail — between Iowa and Florida, Iowa and Alabama, Minnesota 
and New York, and Montana and Calxfcrnxa arc added in the 
model (Figure 62). 
2. There are no changes in barge routes in both periods but some 
of the quantities are different (Figure 66). 
Soybeans The Delta States territory imports wheat from the other 
territories to meet a large quantity of export demand in the Gulf. Most of 
the soybeans produced in the Corn Belt and Southeast territories flows to 
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Figure 61. Change in flows of feed grain in period 1 between Model I 
and Model VII 
to New Orleans in period 1 and that produced in the Corn Belt and 
Korbucrn Plains qo to New Orleans in period 2. The pattern of flcv;£ 
in Model VII is similar to that in Model I but the quantity moved in 
the given routes is different. 
The individual flows of soybeans are summarized in the following: 
1. Changes between Model VII and Model I in soybean flows are 
concentrated around northeast Iowa (Figures 63 and 64)• 
2. The two flows to New Orleans removed and the two added are 
all water movements (Figure 67) . 
3. The three truck movements — between North Carolina and Nor­
folk, Virginia, Kansas and Oklahoma, and Oklahoma City and 
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Figure 63. Change in flows of soybeans for period 1 between Model I 
and Model VII 
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Figure 64. Change in flows of soybeans for period 2 between Model I 
and Model VII 
Tulsa, Oklahoma — are added in this model. 
Comparative advantage between ports for grain export (Model VIII, 
Model IX, and Model X) 
Model VIII, Model IX, and Model X are designed to see the compara­
tive advantage between the Gulf and Seattle for grain export. Model 
VIII and Model IX were developed to see the changes in the distribution 
of grain production and the grain flows when export demands for grain 
are shifted from the Gulf to Seattle by 10 percent and 20 percent. 
Model X was also developed to see the changes in grain production and 
transportation when export demand for grain is increased by 25 percent in 
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Figure 65. Wheat shipped by water in Model VII (alternative single-
car) 
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Figure 65. Feed grain shipped by water in Model VII (alternative 
single-car) 
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Figure 67. Soybeans shipped by water in Model VII (alternative 
single-car) 
every export region. 
Model VIII; Reassignment of 10 per.cent of the GuIf export 
demand to Seattle Model VIII is the same as Model I except that 
10 percent of the exports traditionally exported through ports at the 
Gulf are exported from Seattle. All rail systems and transportation 
coefficients are the same in the two models (Models I and VIIIO. 
Obviously, many rail movements to Seattle are added in shipping grain, 
while some water movements to the Gulf are removed. 
Quantity of grain hauled Interregional movements of grain 
are 150,545 thousand tons and account for 46.6 percent of the total 
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grain production. 68.5 percent of total wheat production, 41 percent 
of total feed grain production, and 51.5 percent of total soybean 
production are sold interregionally through single-rail car, truck, 
and water transportation. However, more grain is shipped by rail in 
Model VIII than in Model I and less grain is shipped by truck and 
water. 
Transportation cost Total transportation costs in Model VIII 
are $1,139 million dollars, which is 12 million dollars higher than in 
Model I because the rail costs of the mountain rail cost territory are 
higher than the costs of the western rail cost territory. The trans­
portation costs of shipping wheat and feed grain are almost the same 
as those in Model I, but the soybean shipping costs are substantially 
increased in Model VIII. The transportation costs of shipping soybeans 
increase 16 percent for rail, and decline 21 percent for water and 11 
percent for truck. Rail trcmapuLtaLioii uûsLâ account for G7.7 parcant 
of total transportation costs, water 11.2 percent and truck 1.1 
percent. 
Grain traffic Grain traffic is represented by ton-miles which 
depend on the quantity o£ grain hauled aiid the trip distance. Ten-
miles by rail transportation are substantially increased and those by 
water and truck are decreased because the water movements to the Gulf 
are replaced by the rail movements to Seattle. Total grain traffic 
is 123,459 million ton-miles for all modes, which is 1,164 million ton-
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miles less than Model I. Total wheat traffic is 21,775 million ton-
miles — 91.1 percent by rail, 8.8 percent by water, and 0.1 percent 
by truck. Total feed grain traffic is 85,124 million ton-miles — 73 
percent by rail, 25.9 percent by water, and 0.1 percent by truck. 
Finally, total soybean traffic is 16,559 million ton-miles — 54.6 
percent by rail, 44.9 percent by water and 0.5 percent by truck. 
It is obvious that rail is more important in shipping not only wheat 
but also feed grain and soybeans. Soybean movements by rail are in­
creased by more than 30 percent because soybean movements to the Gulf by 
water are replaced by rail movements to Seattle. 
Interregional grain flows 
Wheat There are no changes in the distribution of 
wheat production between Model I and Model VIII except that the Corn 
Belt territory produces more wheat and the Northern Plains territory 
produces less (Table 40). Thus, the pattern of the flows of wheat is 
similar to that in Model I except the excess demand for wheat in the 
Pacific territory is satisfied by the production in the Northern 
Plains. 
The individual flows of wheat are summarized in the following: 
1. Wheat from North Dakota and Colorado is shipped west 
across the Rocky Mountains instead of the Northeast terri­
tories (Figure 68). 
Table 40. Movements of wheat within and between ten territories for Model VIII 
Northeast Lake Corn Northern Appalachia Southeast Delta Southern Mountain Pacif il 
To States Belt Plains States Plains 
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 
From 
(thousand tons) 
(1) 0 0 0 0 0 0 0 0 0 0 
(2) 0 10 0 0 0 0 0 0 0 0 
(3) 90 14 17 0 79 0 0 0 0 0 
(4) 2, 288 4,997 1,710 0 1,406 302 613 3,125 0 575 
(5) 0 0 0 0 64 0 0 0 0 0 
(6) 0 0 0 0 0 a 0 0 0 0 
(7) 0 0 0 0 0 35 116 0 0 0 
(8) 0 0 0 0 0 8 18 5,296 0 0 
(9) 0 C 50 0 0 0 982 150 2 3,662 
(10) 0 0 0 0 0 0 0 0 0 4,234 
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Figure 68. Change in flows of wheat between Model I and Model VIII 
2. The excess demand in the eastern states is satisfied by the 
wheat prodnrtion in snnth D?kot?. and Kansas instead of that 
in North Dakota and Montana. 
3. The water-rail movements between Wyoming, Nebraska, and Iowa 
and New Orleans are removed. Only one region continues to 
ship wheat to New Orleans via barge (Figure 73). 
Feed grain The distributions of feed grain production 
between Model I and Model VIII remain the same in all territories except 
the production in the Corn Belt territory declines and that in the Northern 
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Plains increases (Tables 41, 42). Thus, the pattern of flows of feed 
grain are similar to that in Model I. Again, there are differences in the 
quantity of feed grain shipped in the given routes. In this model more 
grain flows to the Pacific territory by rail during both periods and less 
grain to the Delta States territory. 
The individual flows of feed grain are summarized in the following; 
1. There are only a few differences in the flows of feed grain 
(Figures 69 and 70). There are flows added from North 
Dakota to Portland, and from Montana to Seattle, Utah and 
California by rail in period 1. Nothing is changed in the 
western states but North Dakota and Montana ship to Utah in 
period 2. 
2. The changes surrounding New Orleans are associated with 
Illinois's decreased shipment to New Orleans and its added 
flow to Corpus Christi via barge in both periods (Figures 
59 and 70). 
3. More flows that originate in or near Iowa are removed than 
are added (Figure 74). 
Soybeans Nothing is changed in the distribution of the 
soybean production but the production in the Corn Belt and the Northern 
Plains decreases. The soybean flows to the Delta States are different 
between Model I and Model VIII (Tables 43, 44). Most of the excess demand 
in the Gulf is satisfied by the soybean production in the Corn Belt, 
Southeast., and Southern Plains in period 1 (Table 43) , and the Corn 
Table 41. Movements of feed grain within and between ten territories for Model VIII (period 1) 
To 
Northeast 
(1) 
Lake 
States 
(2) 
Corn 
Belt 
(3) 
Northern 
Plains 
(4) 
Appalachia 
(5) 
Southeast 
(6) 
Delta 
States 
(7) 
Southern 
Plains 
(8) 
Mountain 
(9) 
Pacif il 
(10) 
From 
(thousand tons) 
(1) 0 0 0 0 0 0 0 0 0 0 
(2) 1,830 161 0 160 0 0 0 0 0 0 
(3) 3,018 0 0 0 2,721 5,249 6,250 1,233 49 0 
(4) 0 348 0 22 0 0 2,115 1,602 553 4,284 
(5) 0 0 0 0 0 0 0 0 0 0 
(6) 0 0 0 0 0 0 0 0 0 0 
(7) 0 0 0 0 0 0 0 0 0 0 
(8) 0 0 0 0 0 0 0 0 675 234 
(9) 0 0 0 0 0 0 0 0 517 550 
(10) 0 0 0 0 0 0 0 0 0 0 
Table 42. Movements of feed grain within and between ten territories for Model VIII (period 2) 
Northeast Lake Corn Northern Appalachia Southeast Delta Southern Mountain Pacific 
To States Belt Plains States Plains 
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 
From 
(thousand tons) 
(1) 0 0 0 0 0 0 0 0 0 0 
(2) 2,196 1,703 0 0 0 0 276 0 0 0 
(3) 4,951 0 0 0 8,269 8,009 11,702 313 92 0 
(4) 0 1,019 0 1,321 0 0 4,004 1,171 3,485 5,446 
(5) 0 0 0 0 195 0 0 0 0 0 
(6) 0 0 0 0 0 0 0 0 0 0 
(7) 0 0 0 0 0 0 0 0 0 0 
(8) 0 0 0 0 0 0 0 0 119 2,837 
(9) 0 0 0 0 0 0 0 0 96 219 
(10) 0 0 0 0 0 0 0 0 0 0 
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Figure 59. Change in flows of feed grain in period 1 between Model I 
and Model VIII ^ 
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Figure 70. Change in flows of feed grain in period 2 between Model 
I and Model VIII 
Table 43. Movements of soybeans within and between ten territories for Model VIII (period 1) 
To 
Northeast 
(1) 
Lake 
States 
(2) 
Corn 
Belt 
(3) 
Northern 
Plains 
(4) 
Appalachia 
(5) 
Southeast 
(6) 
Delta 
States 
(7) 
Southern 
Plains 
(8) 
Mountain 
(9) 
Paci: 
(10 
From 
(thousand tons) 
(1) 0 0 0 0 0 0 0 0 0 0 
(2) 0 43 1,216 0 0 0 0 0 0 0 
(3) 0 0 733 0 41 0 1,495 0 0 0 
(4) 0 0 0 0 0 0 0 55 0 689 
(5) 0 0 0 0 99 0 80 0 0 0 
(6) 196 0 0 0 287 0 637 0 0 0 
(7) 0 0 0 0 0 0 2,468 0 0 0 
(8) 0 0 0 0 0 0 929 547 0 65 
(9) 0 0 0 0 0 0 0 0 0 0 
(10) 0 0 0 0 0 0 0 0 0 0 
Table 44. Movements of soybeans within and between ten territories for Model VIII (period 2) 
To 
Northeast 
(1) 
Lakîî 
States 
(2) 
Corn 
Belt 
(3) 
Northern Appalachia 
Plains 
(4) (5) 
Southeast 
(6) 
Delta 
States 
(7) 
Southern 
Plains 
(8) 
Mountain 
(9) 
Pacific 
(10) 
From 
(thousand tons) 
(1) 1 0 0 0 0 0 0 0 0 0 
(2) 0 336 444 0 0 0 289 0 0 0 
(3) 0 0 943 0 0 0 3,379 0 0 0 
(4) 0 122 651 0 0 0 1,985 199 0 1,030 
(5) 0 0 0 0 285 0 0 0 0 0 
(6) 162 0 0 0 201 0 468 0 0 0 
(7) 0 0 0 0 0 0 741 0 0 0 
(8) 0 0 0 0 0 0 795 153 0 32 
(9) 0 0 0 0 0 0 0 0 0 0 
(10) 0 0 0 0 0 0 - 0 0 0 0 
243 
ÇL'._. 
©Consuming region hub 
removed added 
Figure 71. Change in flows of soybeans for period 1 between Model I 
and Model VIII 
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Figure 72. Change in flows of soybeans for period 2 between Model I 
and Model VIII 
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Belt, Northern Plains, Southeast, and Southern Plains in period 2 
(Table 44). More soybeans flow from the Northern Plains to the 
Pacific in both periods. 
The individual flows are summarized in the following: 
1. The Seattle demand for soybeans in Model VIII is satisfied by 
production in North Dakota, South Dakota, and Nebraska 
(Figures 71, 72). 
2. Plows from Nebraska, South Dakota, Wisconsin, and Iowa 
to New Orleans are removed. 
3. Several of the added flows to New Orleans from the 
Southeast in period 2 are removed in period 1. 
Model IX; Reassignment of 25 percent of the Gulf export demand to 
Seattle In Model IX, 25 percent of the export demand located at the 
Gulf in Model I is shifted to Seattle. All rail systems, production 
and transportation coefficients are the same between Model XIII and 
IX. Much more grain flows to Seattle by rail in Model IX than in Model 
VIII and much less grain flows to the Gulf. 
The quantity of grain hauled Interregional grain movements 
are 145,450 thousand tons and it is the minimum amount among the ten 
models. The quantities of grain shipped by rail are 3.4 percent higher 
in Model IX than in Model I and those hauled by water and truck are 
about 35 percent lower. 68.5 percent of total wheat production, 39.8 
percent of total feed grain production, and 47.3 percent of total soy­
bean production are transported interregionally through all possible 
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transportation modes. In other words, more grain is consumed locally 
in Model IX. 
Transportation costs The transportation costs in Model IX are 
1,172 million dollars, which is 45 million dollars higher than in Model 
I because the rail costs of the Mountain territory are higher than 
that of other territories. Rail transportation costs for grain in­
creases 9.1 percent. Water and truck transportation costs decline 
more than 35 percent because more grain is shipped by rail and less 
grain by truck and water. Transportation costs for wheat and feed 
grain are slightly increased by 0.4 percent and 3 percent respectively 
when compared with Model I, but the transportation costs for soybeans 
are increased by 15 percent. 
Grain traffic Total grain traffic in Model IX is 119,686 
million ton-miles, which is 4,337 million ton-smiles less than in Model 
I. In other words, a total of 4,937 million ton-miles of grain 
traffic is saved by reallocating export demand between the Gulf and 
Seattle. Like Model VIII, ton-miles by rail are substantially increased 
and those by truck and water are decreased but the quantities increased 
or decreased are higher or lower in Model IX than in Model VIII. 
Total wheat traffic is 22,114 million ton-miles — 91.3 percent 
by rail, 8.6 percent by water, and 0.1 percent by truck. Total feed 
grain traffic is 85,413 million ton-miles — 76.3 percent by rail, 
23.6 percent by water, and 0.1 percent by truck. Finally, total soy-
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Figure 73. Wheat shipped by water in Model VIII (10% Gulf Seattle) 
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(thousand tons) 
Figure 74. Feed grain shipped by water in Model VIII (10% Gulf-
Seattle) 
247 
bean traffic is 17,158 million ton-miles — 72.2 percent by rail, 29.1 
percent by water and 0.7 percent by truck. In Model IX, rail is the 
most important transportation mode in shipping wheat, feed grain, and 
soybeans because many water transportation flows to the Gulf are re­
placed by rail transportation to Seattle. 
Interregional flows of grain 
Wheat There are no changes in the distribution of grain 
production except that the Northeast and Corn Belt territories produces 
more and the Northern Plains territory produces less in Model IX than 
in Model I (Table 45). Thus, the flows of wheat between Model IX and 
Model I are almost the same. The increased export demand for wheat 
in the Pacific territory is satisfied by not only increased production 
in the Mountain territory but also that in the Northern Plains. 
The individual flows of wheat are summarized in the follow­
ing: 
1. Model IX produces the same pattern of differences in wheat 
flows, compared with Model I, as Model VIII produces (Figure 
76). Wheat produced in Montana, Wyoming, and North Dakota 
flows to Seattle instead of the eastern states. The excess 
demand in the eastern states is satisfied by production in 
South Dakota, Kansas, and Nebraska. 
2. The water shipments of wheat are the same as in Model VIII 
(Figure 81). 
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Figure 75. Soybeans shipped by Model VIII (10% Gulf-Seattle) 
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Figure 76. Change in flow of wheat between Model I and Model IX 
Table 45. Movements of wheat within and between ten terriotires for Model IX 
To 
Northeast 
(1) 
Lake: 
States 
(2) 
Corn 
Belt 
(3) 
Northern 
Plains 
(4) 
Appalachia 
(5) 
Southeast 
(6) 
Delta 
States 
(7) 
Southern 
Plains 
(8) 
Mountain 
(9) 
Pacific 
(10) 
From 
(thousand tons) 
(1) 0 0 0 0 0 0 0 0 0 0 
(2) 0 10 0 0 0 0 0 0 0 0 
(3) 90 14 14 0 79 0 0 0 0 0 
(4) 2,271 4,998 1,785 0 1,406 329 996 1,835 0 1,456 
(5) 0 0 0 0 64 0 0 0 0 0 
(6) 0 0 0 0 0 8 0 0 0 0 
(7) 0 0 0 0 0 8 142 0 0 0 
(8) 0 0 0 0 0 9 5 5,259 0 0 
(9) 0 0 0 0 0 O 300 143 2 4,396 
(10) 0 0 0 0 0 0 0 0 0 4,234 
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Feed grain The distributions of feed grain production 
between Model I and Model IX are changed in the Northeast, Corn Belt, 
Northern Plains, and Southern Plains territories (Tables 46, 47). The 
Northern Plains territory produces more and the rest of the territories 
produce less. Nothing is changed in the pattern of flows but the 
quantity shipped in the given routes are larger than in Model I. 
The feed grain produced in the Northern Plains flows to Seattle to 
meet its increased export demand. 
The individual flows are summarized in the following: 
1. Changes in feed grain flows are substantially greater for 
Model IX than in Model VIII. Feed grain produced in Montana, 
the Northern part of North Dakota, and Minnesota flows to 
Seattle in period 1 (Figure 77). In period 2, only two flows 
between Oregon and Montana, and Minnesota and Seattle are 
added in the western area (Figure 78). 
2. The 25 percent reduction in demand at the Gulf ports causes 
several changes in the Corn Belt including the replacement 
of two shipments from Iowa to Alabama with shipments from 
Illinois. 
3. A flow is added from Illinois to Corpus Christi by water 
in both periods and removed from Minnesota to New Orleans 
by water in period 2 (Figure 82). 
Table 46. Movements of feed grain within and between ten territories for Model IX (period 1) 
To 
Northeast 
(1) 
Lake 
States 
(2) 
Corn 
Belt 
(3) 
Northern 
Plains 
(4) 
Appalachia 
(5) 
Southeast 
(6) 
Delta 
States 
(7) 
Southern 
Plains 
(8) 
Mountain 
(9) 
Pacific 
(10) 
From 
(thousand tons) 
(1) 0 0 0 0 0 0 0 0 0 0 
(2) 1,069 409 0 0 0 0 0 0 0 0 
(3) 3,327 0 0 182 2,720 5,519 5,934 1,492 49 4,909 
(4) 0 82 0 0 0 0 1,578 949 1,223 0 
(5) 0 0 0 0 0 0 0 0 0 0 
(6) 0 0 0 0 0 0 0 0 0 0 
(7) 0 0 0 0 0 0 0 0 0 0 
(8) 0 0 0 0 0 0 0 0 469 559 
(9) 0 0 0 0 0 0 0 0 0 859 
(10) 0 0 0 0 0 0 0 0 0 0 
Table 47. Movements of feed grain within and between ten territories for Model IX (period 2) 
Northeast Lake Corn Northern Appalachian Southeast Delta Southern Mountain Pacific 
To States Plains States Plains 
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 
(thousand tons) 
From 
(1) 0 0 0 0 0 0 0 0 0 0 
(2) 2,196 2,656 0 0 0 0 0 0 0 0 
(3) 5,426 0 0 0 8,269 7,734 10,561 251 92 0 
(4) 0 0 0 1,321 0 0 4,004 1,192 3,682 6,830 
(5) 0 0 0 0 195 0 0 0 0 0 
(6) 0 0 0 0 0 0 0 0 0 0 
(7) 0 0 0 0 0 0 0 0 0 0 
(8) 0 0 0 0 0 0 0 0 0 2,837 
(9) 0 0 0 0 0 0 0 0 0 523 
(10) 0 0 0 0 0 0 0 0 0 0 
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Figure 77. Change in flows of feed grain in period 1 between Model I 
and Model IX 
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Figure 78. Change in flows of feed grain in period 2 between Model I 
and Model IX 
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Soybeans There are no changes in the distribution of 
grain production except that the production in the Corn Belt and Delta 
States territories declines and that in the Northern Plains territory 
increases (Table 48, 49). Most of the soybeans produced in the Corn 
Belt flows to Delta States in period 1 and that produced in the Northern 
Plains goes to the Pacific territory to satisfy increased export demand 
in both periods. The excess demand in the Delta States is satisfied by 
the production in the Corn Belt and Southern Plains territories in 
period 1. In period 2, the excess demand in the Delta States is 
satisfied by the Corn Belt, Southern Plains, Northern Plains and 
Southeast territories. 
The individual flows are summarized in the following: 
1. The changes in the flows of soybeans are very similar to 
those between Model VIII and Model I (Figures 79 and 80). 
2; Soybean shipments to Seattle originate as far east as 
Minnesota. For example, many rail transportation flows 
from North Dakota, South Dakota, Nebraska, and Minnesota 
to Seattle are added to satsify the increased export demand 
at Seattle in both periods. The export demand in New Orleans 
is not satisfied by the production in South Dakota, Nebraska, 
and Minnesota but the production in Alabama, Georgia, and 
Florida in period 2 (Figure 80). 
Table 48. Movements of soybean within and between ten territories for Model IX (period 1) 
To 
Northeast 
(1) 
Lake 
States 
(2) 
Corn 
Belt 
(3) 
Northern 
Plains 
(4) 
Appalachian 
(5) 
Southeast 
(6) 
Delta 
States 
(7) 
Southern 
Plains 
(8) 
Mountain 
(9) 
Pacif, 
(10) 
From < •  thousand tons) 
(1) 0 0 0 0 0 0 0 0 0 0 
(2) 0 43 470 0 0 0 0 0 0 16 
(3) 0 0 2,286 0 41 0 1,491 0 0 0 • 
(4) 0 0 0 0 0 0 0 55 0 1,747 
(5) 0 0 0 0 99 0 80 0 0 0 
(6) 196 0 0 0 287 0 0 0 0 0 
(7) 0 0 0 0 0 0 2,032 0 0 0 
(8) 0 0 0 _ 0 0 0 1,068 456 0 16 
(9) 0 0 0 0 0 0 0 0 0 0 
(10) 0 0 0 0 0 0 0 0 0 0 
Table 49. Movements cf soybeans within and between ten territories for Model IX (period 2) 
Northeast Lake Corn Northern Appalachian Southeast Delta Southern Mountain Pacific 
To States Belt Plains States Plains 
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 
From 
(thousand tons) 
(1) 1 0 0 0 0 0 0 0 0 0 
(2) 0 458 444 0 0 0 189 0 0 0 
(3) 0 0 845 0 0 0 1,976 0 0 0 
(4) 0 0 0 0 0 0 1,138 199 0 2,3 
(5) 0 0 0 0 285 0 0 0 0 0 
(6) 162 0 0 0 201 0 1,105 0 0 0 
(7) 0 0 0 0 0 0 1,177 0 0 0 
(8) 0 0 0 0 0 0 795 46 0 141 
(9) 0 0 0 0 0 0 0 0 0 0 
(10) 0 0 0 0 0 0 0 0 0 0 
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Figure 79. Change in flows of soybeans for period 1 between Model I 
and Model IX 
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Figure 80. Change in flows of soybeans for period 2 between Model I 
and Model IX 
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Figure 81. Wheat shipped by water in Model IX (25% Gulf-Seattle) 
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Figure 82. Feed grain shipped by water in Model IX (25% Gulf-Seattle) 
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Figure 83. Soybeans shipped by water in Model IX (25% Gulf-Seattle) 
3. Water shipments to New Orleans from the Northern Plains and 
western ranges of the Corn Belt decline substantially 
(Figure 83). 
Model X: 25 percent increase in grain exports Model X allows 
an examination of transportation patterns when exports are 25 percent 
higher than their level in Model I. All transportation systems, cost 
coefficients, and distributions of the grains among ports are the 
same in both Model I and Model X. 
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The quantity of grain hauled Interregional grain movements 
are 171,766 thousand tons, 15 percent higher than Model I, and ac­
counts for 49.9 percent of the total grain production. 74.0 percent 
of total wheat production, 41.2 percent of total feed grain production, 
and 62.6 percent of total soybean production are transported inter-
regionally through single-rail car, truck and water transportation. 
The proportional share of grain production by each grain in Model X 
is quite different from that in Model I because each grain competes 
with others for land use when more production is required. 
Grain transportation cost Total grain transportation cost 
is $1,203 million dollars, which is 6.7 percent more than Model I. 
Rail transportation costs account for 84.5 percent of total transpor­
tation costs,, water transportation cost accounts for 13.6 and truck 
transportation 1.9 percent. Transportation costs for wheat and soy­
beans are increased by 17.3 percent and 36.6 percent respectively 
in Model X, as a result of the comparison with Model I, and those for 
feed grain decline. There were not many changes in the flows of 
feed grain and feed grain sales in Model X. 
Grain traffic Total grain traffic in Model X is 134,962 
million ton-miles and 10,339 million ton-miles more than Model I. 
The ton-miles for feed grain by all modes are decreased but those for 
wheat and soybeans are substantially increased in Model X. 
Total wheat traffic is 26,486 million ton-miles -- 85.5 percent 
by rail, 13.4 percent by water, and 0.1 percent by truck. Total feed-
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grain traffic is 84,718 million ton-miles — 68,2 percent by rail, 
31.7 percent by water, and 0.1 percent by truck. Finally, total soy­
bean traffic is 23,760 million ton-miles — 41.9 percent by rail, 
57.5 percent by water, and 0.6 percent by truck. Rail transportation 
is more important in shipping wheat and feed grain rather than soy­
beans and water is more important in shipping soybeans. 
Interregional flows of grain 
Wheat All territories increase their wheat production 
except the Northeast and Corn Belt decline in Model X (Table 50). This 
means that the Corn Belt and Northeast territories have a comparative 
disadvantage in wheat production. The wheat production in the Appala­
chian and Southeast territories is substantially increased by 235 per­
cent and 563 percent respectively. The flows of wheat in Model X are 
different froni thnsm in wnriel i . Most wb<?af pfofînrpd in r/ne 
Northern Plains flow to the Northeast, Lake States, Corn Belt, Delta 
States, and Southern Plains territories. The Appalachian and South­
east territories do not import wheat from the Northern Plains terri­
tory and their demands are satisfied by their local production. Most 
of the wheat produced in the Mountain territory flows to the Southern 
Plains and Pacific territories. 
The individual flows of wheat are summarized in the following: 
1. The 25 percent higher exports generate a new set of flows to 
export regions (Figure 84). 
Table 50. Movements of wheat within arcl between ten territories for Model X 
To 
Northeast 
(1) 
Lake 
States 
(2) 
Corn 
Belt 
(3) 
Northern 
Plains 
(4) 
Appalachian 
(5) 
Southeast 
(6) 
Delta 
States 
(7) 
Southern 
Plains 
(8) 
Mountain 
(9) 
Pacif 
(10) 
From (thousand tons) 
(1) 0 0 0 0 0 0 0 0 0 0 
(2) 19 10 136 0 0 0 0 0 • 0 0 
(3) 1 14 134 0 13 0 21 0 0 0 
(4) 2,700 5,165 2,375 0 0 0 1,655 4,231 0 930 
(5) 0 0 0 0 36 0 108 0 0 0 
(6) 0 0 0 0 146 0 0 0 0 0 
(7) 0 0 0 0 0 0 516 29 0 0 
(8) 0 0 0 0 0 0 0 5,876 0 0 
(9) 0 0 85 0 0 0 132 1,806 2 4,000 
(10) 0 0 0 0 0 0 0 0 0 4,326 
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Figure 84, Change in flows of wheat between Model I and Model X 
2. changes in the flows originating in North Dakota in Model X 
are similar to those of Model VIII and IX. 
3. Several flows originating in the Northern Plains shift away 
from supplying regions in the east to supplying ports of 
export. The eastern regions are supplied from wheat 
produced in the Southeast. 
4. Wheat production increasing substantially in the Appalachian 
territory goes to New Orleans. 
5. Four new water shipments to New Orleans are added and the 
shipment from Alabama to Tampa is removed (Figure 89). 
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Feed grain All territories increase their feed 
grain production in Model X but the quantities increased are very small 
in most regions. Thus, the flows of feed grain in Model X are similar 
to those in Model I. Most of the feed grain produced in the Corn Belt 
flows to the Northeast, Appalachian, Southeast, and Delta States terri­
tories and that produced in the Northern Plains satisfies the excess 
demands in the Delta States, Southern Plains, and Pacific territories 
(Tables 51, 52). The flows are the same in btoh periods but the 
quantity shipped in period 2 is much larger than that in period 
1 .  
The individual flows of feed grain are summarized in the 
following: 
1. Increasing export demand does not change the number of flows 
to New Orleans in either period 1 (Figure 85) or period 2 
(Figure 86); rather, the quanti Lies of the oriainal routes 
increase. 
2. Several flows from the western regions of the Corn Belt to 
regions in the East are removed and are replaced by flows 
originating in the eastern regions of the Corn Belt. 
3. The flow to Houston from Illinois is replaced by one from 
Nebraska. 
4. A water shipment from Iowa to Mobile is added and those from 
Iowa to Memphis and from Illinois to Houston are removed 
(Figure 90). 
Table 51. Movements of feed grain withi.n and between ten territories for Model X (period 1) 
To 
Northeast 
(1) 
Lake 
States 
(2) 
Corn 
Belt 
(3) 
Northern 
Plains 
(4) 
Appalachian Southeast 
(5) (6) 
Delta 
States 
(7) 
Southern 
Plains 
(8) 
Mountain 
(9) 
Pacif : 
(10) 
From 
(thousand tons) 
(1) 0 0 0 0 0 0 0 0 0 0 
(2) 1,908 240 0 0 0 0 0 0 0 0 
(3) 2,603 0 0 0 3,079 2,820 8,930 0 0 0 
(4) 0 290 0 187 0 492 2,277 2,630 553 2,270 
(5) 0 0 0 0 0 0 0 0 0 0 
(6) 0 0 0 0 0 0 0 0 0 0 
(7) 0 0 0 0 0 0 0 0 0 0 
(8) 0 0 0 0 0 0 0 193 679 428 
(9) 0 0 0 0 0 0 0 0 0 1,071 
(10) 0 0 0 0 0 0 0 0 0 0 
Table 52. Movements of feed grain within and between ten territories for Model X (period 2) 
To 
Northeast 
(1) 
Lake 
States 
(2) 
Corn 
Belt 
(3) 
Northern 
Plains 
(4) 
Appalachian 
(5) 
Southeast 
(6) 
Delta 
States 
(7) 
Southern 
Plains 
(8) 
Mountain 
(9) 
Pacif : 
(10) 
From 
(thousand tons) 
(1) 0 0 0 0 0 0 0 0 0 0 
(2) 1,884 660 0 0 0 0 1,207 0 0 0 
(3) 4,806 0 0 0 7,639 8,651 12,917 0 0 0 
(4) 0 2,646 0 1,438 0 1,309 3,943 812 2,662 3,717 
(5) 0 0 0 0 627 0 0 0 0 0 
(6) 0 0 0 0 0 0 0 0 0 0 
(7) 0 0 0 0 0 0 0 0 0 0 
(8) 0 0 0 0 0 0 0 0 668 3,375 
(9) 0 0 O 0 0 0 0 0 0 608 
(10) 0 0 0 0 0 0 0 0 0 0 
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Figure 85. Change in flows of feed grain in period 1 between Model 
I and Model X 
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Figure 85. Change in flows of feed grain in period 2 between Model I 
and Model X 
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Soybeans Soybean production is increased by almost 
the same proportion throughout all ten territories in Model X. Thus, 
the flows of soybeans in Model X are similar to those in Model I. 
Only changes in the quantity shipped in the given routes occur. In 
period 1 the Delta States territory imports a larger quantity of soy­
beans from the Corn Belt, Northern Plains, and Southeast territories 
in Model X than in Model I (Table 53). In period 2, the excess de­
mand in the Delta States is satisfied by the production in the Lake 
States, Corn Belt, and Northern Plains (Table 54). 
The individual flows of soybeans are summarized in the follow­
ing: 
1. The flows of soybeans are concentrated around the ports, 
especially New Orleans (Figures 87, 88). 
2. In period 1, New Orleans obtains its additional supplies 
from regions in Kansas, Kentucky, Georgia, and South 
Carolina. 
3. New Orleans obtains its additional required supplies in 
period 2 from Iowa, North Dakota, South Dakota and Nebraska. 
4. Several of the added flows to New Orleans are by water 
(Figure 91). 
Table 53. Movements of soybeans within and between ten territories for Model X (period 1) 
To 
Northeast 
(1) 
Lake 
States 
(2) 
Corn 
Belt 
(3) 
Northern 
Plains 
(4) 
Appalachian 
(5) 
Southeast 
(6) 
Delta 
States 
(7) 
Southern 
Plains 
(8) 
Mountain 
(9) 
Pac; 
(K 
From 
(thousand tons) 
(1) 0 0 0 0 0 0 0 0 0 0 
(2) 0 0 0 0 0 0 0 0 0 0 
(3) 0 0 1,907 0 0 0 1,649 0 0 0 
(4) 0 59 0 0 0 0 1,470 136 0 53 
(5) 0 0 0 0 378 0 560 0 0 0 
(6) 55 0 0 0 121 0 2,079 0 0 0 
(7) 0 0 0 0 0 0 1,882 0 0 0 
(8) 0 0 0 0 0 0 818 826 0 16 
(9) 0 0 0 0 0 0 0 0 0 0 
(10) 0 0 0 0 0 0 0 0 0 0 
Table 54. Movements of grain soybeans between ten territories for Model X (period 2) 
Northeast Lake Corn Northern Appalachian Southeast Delta Southern Mountain Pacific 
To States Belt Plains States Plains 
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 
From 
(thousand tons) 
(1) 0 0 0 0 0 0 0 0 0 0 
(2) 0 10232 0 0 0 1,817 0 0 0 0 
(3) 0 0 681 0 0 0 3,966 0 0 0 
(4) 0 622 1,156 0 0 0 3,367 68 0 109 
(5) 0 0 0 0 297 0 0 0 0 0 
(6) 148 0 0 0 0 0 0 0 0 0 
(7) 0 0 0 0 0 0 :L , 482 0 0 0 
(8) 0 Q 0 0 0 0 913 482 0 32 
(9) 0 0 0 0 0 0 0 0 0 0 
(10) 0 0 0 0 0 0 0 0 0 0 
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©Consuming region hub 
added removed 
Figure 87. Change in flows of soybeans for period 1 between Model I 
and Model X 
L f Y--f 
1—8 I 
m 
©Consuming region hub 
added removed 
Figure 88. Change in flows of soybeans for period 2 between Model I 
and Model X 
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origin destination 
(thousand tons) 
Figure 89. Wheat shipped by water in Model X (25% export increase) 
r mr • - 1  
|— 
origin destination 
(thousand tons) 
Figure 30. Feed grain shipped by water in Model X (25% export increase) 
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destination origin 
(thousand tons 
Figure 91. Soybeans shipped by water in Model X (25% exports) 
Comparison and Summary of Ten Models in 
Grain TrdiitiporLaciou 
National transportation costs and quantities hauled by mode for 10 models 
Grain The variations in the transportation costs and demand 
among 10 models have significant impact on the total interregional 
cost of shipping grain and on quantities carried. The variations are 
presented in Table 55. The transportation costs in this table include 
the actual shipping costs and the elevator handling costs for loading 
and unloading. 
The lowest total cost results when rail costs are lowered to reflect 
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Table 55. Estimated transportation costs and quantities of inter­
regional grain shipments by rail, water, and truck for. 
ten models in 1980 
Model Total Rail Water Truck 
Cost I. (single-car) 1,127,274 962,746 145,838 18,490 
(thousand 
dollars) II. (50-car) 1,058,691 939,684 112,093 6,916 
III. (10% rail) 1,195,102 1 ,000,751 161,476 32,876 
IV. (20% rail) 1,262,989 996,879 222,943 43,167 
V. (10% barge) 1,136,791 1 ,000,108 129,104 7,579 
VI. (20% barge) 1,146,373 1 ,013,207 126,691 6,475 
VII. (alternative 
single-car) 1,133,064 967,096 137,389 28,573 
VIII. (10% Gulf-
Seattle) 1,138,766 998,523 126,688 13,555 
IX. (25% Gulf-
Seattle) 1,171,790 1 ,050,245 110,447 11,098 
X. (25% export) 1,203,081 1 ,016,594 164,138 22,350 
Quantity 
(thousand 
tons) 
I. (single-car) 153,996 116,741 30,280 6,975 
II. (50-car) 148,210 121,049 24,372 2,789 
III. (10% rail) 157,814 113..012 33,397 11,405 
IV. (20% rail) 161,499 107,976 38,771 14,752 
V. (10% barge) 149,886 120,556 26,339 2,991 
VI. (20% barge) 148,682 121,859 24,255 2,568 
VII. (alternative 
single-car) 153,613 111,705 30,490 11,418 
VIII. (10% Gulf-
Seattle) 150,545 118,-364 26.-756 5.425 
IX. (25% Gulf-
Seattle) 145,450 120,708 20,423 4,519 
X. (25% export) 171,766 127,954 35,361 8,451 
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movements of grain in 50-car rather than single-car shipments. Total 
costs decline 6.1 percent as a result of multiple-car shipments as 
represented in Model II. The sum of the tons shipped by all modes is 
positively associated with rail costs. When rail costs decline with 
the use of 50-car shipments, the tons hauled by all modes decline 
3.8 percent. The quantities of grain hauled by water and truck de­
cline 19.5 percent and 60 percent respectively with 50-car rail 
cost. The decrease in rail costs of Model II caused (1) a 3.7 
percent increase in the tons hauled by rail, (2) a 19.5 percent 
decrease in tons hauled by water and (3) a 60 percent decrease in 
tons hauled by trucks. 
The largest increases in transportation costs including the 25 
percent increase in exports (Model X), result from the 10 and 20 
percent increases in rail costs in Model III and IV. The total 
transportation costs are increased by 12 percent with 20 percent 
increase in single rail cost (Table 55). The tons hauled by all modes 
increase 2.5 percent when rail costs are increased 20 percent. The 
quantities of grain hauled by rail decrease by approximately 0.32 
percent for each 1.0 percent increase in rail costs in Modes III and 
IV. The increase in the total tons associated with the increased 
rail costs is a result of a rise in the grain hauled by a combination 
of modes (Table 55). The 10 percent increase in single-car rail 
costs of Model III causes (1) a 3.2 percent decrease in tons hauled 
by rail, (2) a 10.3 percent increase in tons hauled by water and 
(3) a 64.5 percent increase in tons hauled by truck. The 20 percent 
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increase in single-car rail costs of Model IV causes (1) a 7.5 per­
cent decrease in tons hauled by rail, (2) a 28.0 percent increase 
in tons hauled by water and (3) a 111.5 percent increase in tons 
hauled by truck. 
A 10 percent increase in barge costs induces a 0.9 percent 
increase in total transportation costs, a 3.3 percent increase in 
the quantities of grain hauled by rail, and a 13 percent decrease in 
the quantities of grain hauled by water. The 20 percent increase in 
barge cost induces a 1.7 percent increase in total transportation 
costs, a 4.4 percent increase in the quantiteis of grain hauled by 
rail, and a 19.9 percent decrease in the quantities of grain hauled 
by water. The quantity hauled by truck declines 57.1 percent when 
barge costs are increased 10 percent and 63.2 percent when barge costs 
are increased 20 percent. In Model V and VI only the cost of barging 
on the Mississippi and Columbia-Snake systenis are increased. The 
cost of shipping on the Great Lakes is not changed, but that hardly 
matters because the Great Lakes comprises less than 3 percent of 
all water shipments in Model I. Thus, the shipments on the Great 
Lakes do not explain these differences in rail and barge cost changes. 
The changes in rail transportation cost give more significant 
impact to the grain industry than the changes in barge transportation 
cost because rail hauls a large share of all grain — 75.8 percent of 
all tons in Model I. In Model I water carries 19.7 percent of all 
tons, which is only one-fourth the quantities hauled by rail. Vlhen 
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rail costs are increased 20 percent, the quantity carried by water in­
creases 28 percent. But barge costs are increased 20 percent, the 
quantity carried by water decreases only 19.9 percent. The comparison 
of equal percentage increases in rail and barge costs implies grain 
switches more readily from rail to water when rail costs increase 
than from water to rail when water costs increase. 
The 10 percent increase in barge costs actually results in more 
tons being carried solely by water and by the rail-water combination 
although fewer tons are carried by the truck-water combination (Table 
57). When barge costs are increased 20 percent, the tons carried by 
water, rail-water combination, and truck-water combination decline 
relative to the quantities they carried in Model I. 
The changes in the alternate single-car costs in Model VII re­
sult in a substantial increase in truck movements of grain. Total 
transportation costs increase only 0.5 percent. The quantities of 
grain hauled by all modes are decreased 0.2 percent — a 4.3 percent 
decrease in tons hauled by rail, a 0.7 percent increase in tons hauled 
by water, and a 63.7 percent increase in tons hauled by truck (Table 
56). The changes in transportation costs and quantities carried by 
each mode are presented in Table 56. The transportation costs with 
the alternate single-car cost increase for distance less than about 
830 miles and decrease for longer hauls. The quantities hauled 
solely by water increases 554 thousand tons (Table 57). The quantities 
hauled by the rail-water combination decrease 744 thousand tons and 
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Table 56. Relative changes in the interregional transportation costs 
and quantities of grain shipments by rail, water, and truck 
for ten models 
Model Percentage of Model I 
Total Rail Water Truck 
Cost 
(thousand 
dollars) 
Quantity 
(thousand 
tons) 
I. (single-car) 100.0 100. 0 
o
 
o
 
r—
1 
0 100.0 
II. (50-car) 93.9 97. 6 76. 9 37.4 
III. (10% rail) 106.0 103. 9 110. 7 177.8 
IV. (20% rail) 112.0 103, 5 152. 9 233.5 
V. (10% barge) 100.0 103, 9 88. 5 41.0 
VI. (20% barge) 101.7 105, 2 86. 9 35.0 
VII. (alternative 
single-car) 100.5 100. ,5 94. 2 154.6 
VIII. (10% Gulf-
Seattle) 101.0 103. ,7 86. 9 73.3 
IX, (25% Gulf-
Seattle) 104.0 109. ,1 75. ,7 60.0 
X. (25% export) 106.7 105. ,6 112. ,5 120.9 
I. (single-car) 100.0 100. 0 100. 0 100.0 
II. (50-car) 96.2 103, .7 80. 5 40.0 
Ill. (10% rail) 102.5 95. .3 110. .3 1C3.5 
IV. (20% rail) 104.9 92 .5 128, .0 211.5 
V. (10% barge) 97.3 103, .3 87, .0 42,9 
VI. (20% barge) 96.5 104. 4 80. ,1 36.8 
VII. (alternative 
single-car) 99.8 95 .7 100, .7 163.7 
VIII. (10% Gulf-
Seattle) 97.8 101 .4 88 .4 77.8 
IX. (25% Gulf-
Seattle) 94.5 103 .4 67 .4 64.8 
X. (25% export) 115.5 109 . 6 116 .8 121.2 
279 
Table 57. Estimated quantities of grain shipped only by water, a 
combination of rail and water, and a combination of truck 
and water in 1980 
Model Water only Rail-water Truck-water 
(thousand tons) 
I. (single-car) 17,018 6,287 6,975 
II. (50-car) 17,302 4,282 2,788 
III. (10% rail) 16,011 6,647 10,740 
IV. (20% rail) 17,853 8,979 11,939 
V. (10% barge) 17,112 6,565 2,662 
VI. (20% barge) 16,367 3,270 4,626 
VII. (alternative 
single-car) 17,572 5,543 7,374 
VIII. (10% Gulf-
Seattle) 16,837 4,495 5,424 
IX. (25% Gulf-
Seattle) 15,576 3,019 3,795 
X. (25% export) 17,273 9,783 8,306 
those hauled by the rail-water combination increase 579 thousand tons. 
Consequently, 3,854 thousand tons of the 4,443 thousand-ton increase 
for truck is the substitution of truck for rail in short hauls (Tabic 
57) . 
Shifting part of the demand for exports from the Gulf to Seattle 
in Model VIII and IX generates an increase in total and rail trans­
portation costs and a decrease in water and truck costs. Although 
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the total costs increase, the total number of tons hauled by all modes 
declines 2.2 percent in Model VIII and 5.5 percent in Model IX. The 
quantity hauled by rail in Model IX increases 3.4 percent and the cost 
of rail shipments rises 9.1 percent. A percentage increase in rail 
costs greater than the increase in quantities hauled implies that 
rail movements shift from lower cost to higher cost railroad terri­
tories. Water and truck shipments decline in Model VIII compared to 
Model I, and decline even further in Model IX. Quantities of grain 
hauled by rail-water and truck-water combination are substantially 
decreased in Models VIII and IX. 
A 25 percent increase in grain exports causes a 15.5 percent 
increase in the tons of grain hauled by all modes and a 6.7 percent 
increase in transportation costs. More grain is hauled by water and 
truck transportation in Model X. The total tons hauled increases 9.6 
percent for rail, 16.8 percent for water, and 12.2 percent for truck. 
Grain shipped by water alone increases only slightly, but shipments 
by the rail-water combination increase 56 percent and those by the 
truck-water combination increase 19 percent. 
Wheat Wheat comprises about one-fifth of all grain transpor­
tation costs and tons shipped. Like grain, the lowest transportation 
costs result from Model II, the use of 50-car shipments (Table 58). 
Changes in rail costs have the greatest impact on wheat transporta­
tion because 94.5 percent of v;heat is shipped by rail in Model I. 
For example, the 20 percent increase in single-car rail cost causes 
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Table 58. Estimated transportation costs and quantities of inter­
regional wheat shipments by rail, water, and truck for ten 
models in 1980 
Model Total Rail Water Truck 
Cost 
(Thousand 
dollars) 
I. 
II. 
(single-car) 
(50-car) 
231,693 
213,381 
223,007 
211,450 
8,331 
1,931 
355 
0 
III. (10% rail) 247,368 227,434 13,955 5,979 
IV. (20% rail) 263,845 237,729 18,403 7,713 
V. (10% barge) 231,513 223,725 7,433 355 
VI. (20% barge) 231,422 225,499 5,912 10 
VII. (alternative 
single-car) 234,048 222,075 5,724 6,249 
VIII. (10% Gulf-
Seattle) 230,195 222,987 6,853 355 
IX. (25% Gulf-
Seattle) 232,880 225,672 6,853 355 
X. (25% export) 271,730 258,466 12,782 482 
Quantity 
(Thousand 
tons) 
I. 
II. 
(single-car) 
(50-car) 
31,449 
30,350 
29,734 
30,027 
1,575 
323 
140 
0 
ill. (10% rail) 33,053 27,653 3, J 29 
IV. (20% rail) .34,489 27,282 4,513 2,694 
V, (10% barge) 31,086 29,663 1,283 140 
VI. (20% barge) 30,809 29,914 891 4 
VII. (alternative 
single-car) 31,754 27,497 2,003 2,254 
VIII. (10% Gulf-
Seattle) 30,871 29,584 1,147 140 
IX. (25% Gulf-
Seattle) 30,880 29,593 1,147 140 
X. (25% export) 37,654 34,593 2,871 190 
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(1) a 13.9 percent increase in transportation costs relative to Model 
I, (2) a 8.2 percent decrease in tons hauled by rail, (3) a 187 
percent increase in tons hauled by water and (4) a 20 time increase 
in tons hauled by truck. Changes in barge costs have little effect 
on the transportation costs of wheat because more than half of the 
tons hauled by water are carried on the Great Lakes where water costs 
are unchanged. The total transportation costs decline 0.08 percent 
when barge costs are increased 10 percent and 0.2 percent when barge 
costs are increased 20 percent. 
The alternate single-car costs (Model VII) result in a large 
increase in truck costs and a decrease in rail and water costs. The 
alternate rail single-car cost induces a 1.02 percent increase in 
total transportation costs, a 7.5 percent decrease in tons hauled by 
rail, a 27.2 percent increase in tons hauled by water and 1500 per-
cenL incLécitjt: In Loiis îiauleù by ciuck. 
A 10 percent shift in the export demand from the Gulf to Seattle 
causes transportation costs to actually decline and a 25 percent 
shift causes a slight increase in transportation costs compared to 
Model I. 
Wheat movements by water are very sensitive to rail cost changes 
because the rail-water combination constitutes a large part of all 
water shipments (Table 59). Movements by water alone are small be­
cause wheat production is not located around navigable waterways, 
except for the areas surrounding the Columbia-Snake Rivers. Truck-
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Table 59. Estimated quantities of wheat shipped only by water, a 
combination of rail and water, and a combination of 
truck and water 
Model Water only Rail-water Truck-water 
I. (single-car) 
II. (50-car) 
III. (10% rail) 
IV. (20% rail) 
V. (10% barge) 
VI. (20% barge) 
VII. (alternative 
single-car) 
VIII. (10% Gulf-Seattle) 
IX. (25% Gulf-Seattle) 
X. (25% export) 
(thousand tons) 
124 1,311 140 
124 199 0 
124 1,695 1,510 
124 2,508 1,881 
124 1,019 140 
8 891 0 
124 1,743 137 
124 883 140 
124 883 140 
294 2,415 162 
water movements are much lower than rail-water movement except 10 per­
cent and 20 percent increases in single rail cost (Models III and IV), 
because rail cost is lower than trucking cost in shipping wheat for 
a distance less than about 35 miles. 
The ratio of the tons of wheat shipped by all modes to wheat 
production is large in Model I, 0.698, but rises to 0.740 with the 
greater exports in Model X. The sum of tons shipped by all modes 
increases 19.7 percent with the 25 percent increase in exports and 
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the corresponding transportation costs increases 17.3 percent. The 
effects of the larger exports are greater for wheat than for all 
grains. 
Feed grain Feed grain comprises the largest share of the tons 
shipped and transportation cost of all grain. The transportation costs 
for feed grain are effected much the same as the costs for all grain, 
except for Models VII and X. As shown in Table 60, the largest in­
creases in total transportation costs result from the 20 percent 
increase in single-car rail costs. Model IV. The total transportation 
costs in Model IV are 12.2 percent higher than in Model I. The lowest 
total cost results when rail costs are lowered to reflect movements 
of grain in 50-car rather than single-car shipments. The total cost 
declines 5.9 percent as a result of multiple-car shipments in Model 
II. When the alternative single car rail costs are used, the trans­
portation cost of feed grain falls slightly. When demands for exports 
are increased 25 percent, the total transportation costs decline 2.2 
percent, $16.5 million. Most of the decline in Model X is the conse­
quence of a decrease in rail costs. 
The variation among the models in the tons of feed grain shipped 
by all modes is similar to the variations for all grain, except the 
relative increase in Model X is much smaller because feed grain exports 
constitute only 12.2 percent of feed grain production in Model I. 
The rail-water combination in shipping feed grain appears in 
only Models III, IV, X. The quantity hauled solely by water declines 
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Table 60. Estimated transportation costs and quantities of inter­
regional feed grain shipments by rail, water, and truck 
for ten models in 1980 
Model Total Rail Water Truck 
Cost 
(Thousand 
dollars) 
H
 
M
 
M
 
(single-car) 
(50-car) 
757,103 
712,105 
644,732 
633,946 
100,499 
77,536 
11,872 
723 
III. (10% rail) 803,847 676,835 108,814 18,199 
IV. (20% rail) 849,417 671,569 157,761 20,087 
V. (10% barge) 763,909 679,599 83,537 772 
VI. (20% barge) 769,998 680,692 88,853 453 
VII. (alternative 
single-car) 756,351 649,725 95,590 11,035 
VIII. (10% Gulf-
Seattle) 762,846 664,663 90,529 7,654 
IX. (25% Gulf-
Seattle) 779,793 681,890 82,455 5,448 
X. (25% export) 740,612 625,817 101,971 12,823 
Quantity 
(Thousand 
tons) 
I. 
II. 
(single-car) 
(50-car) 
93,291 
89,332 
69,656 
73,177 
19,320 
15,857 
4,315 
298 
III. (10% rail) 95,318 68,83fa 20,365 6,117 
IV. (20% rail) 96,258 66,369 22,908 6,981 
V. (10% barge) 89,275 73,118 15,858 299 
VI. (20% barge) 89,163 73,231 15,746 186 
VII. (alternative 
single-car) 92,603 69,160 19,186 4,257 
VIII. (10% Gulf-
Seattle) 92,028 71,107 17,872 3,049 
IX. (25% Gulf-
Seattle) 89,367 73,284 13,840 2,243 
X. (25% export) 95,399 70,320 20,247 4,832 
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with the 10 percent rail cost increase of Model III and with the shift 
of the export demand from the Gulf to Seattle of Model VIII and IX. 
The total quantity hauled by water alone, water-rail combination, and 
water-truck combination in Model III is slightly larger than in Model 
I. This is because the reduction in the quantiLy of grain carried solely 
by water in Model IV is offset by an increase in the quantity carried 
by the combinations of water with rail and truck. As a result, the 
quantities carried by water are quite sensitive in Models VIII and IX 
as shown in Table 61, because most of the feed grain exported at Gulf 
is moved to Gulf via water. When rail costs are increased 10 percent 
and 20 percent, the quantities of feed grain hauled by rail decline 
and the quantities of feed grain hauled by water and truck are 
substantially increased. Especially, the increase in rail-water 
movements in Model III and IV is most noticeable for feed grain because 
no ofhAT tPPfi grain moves by that combination except in Model X. It 
seems unlikely that rail-water movements would increase with the rail 
cost increases because rail is a part of the rail-water combination. 
But this change occurs precisely because rail is only a part of the 
rail-water combination because the combination of modes displaces the 
more expensive alternatives of using rail by itself. 
Soybeans Soybean transportation costs are lower than either 
the wheat or feed grain costs. The average cost per ton of shipping 
soybeans is $4.73, substantially lower than for either wheat, $7.37, 
or feed grain, $8.12. Also, fewer tons of soybeans are shipped. 
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Table 61. Estimated quantities of feed grain shipped only by water, 
a combination of rail and water, and a combination of 
truck and water in 1980 
Model Water only Rail-water Truck-water 
(thousand tons) 
I. (single-car) 15,005 0 4,315 
II. (50-car) 15,560 0 297 
III. (10% rail) 13,998 250 6,117 
IV. (20% rail) 15,473 1,084 6,351 
V. (10% barge) 15,560 0 299 
VI. (20% barge) 15,559 0 186 
VII (alternative 
single-car) 15,559 0 3,626 
VIII. (10% Gulf-Seattle) 14,824 0 3,048 
IX. (25% Gulf-Seattle) 13,563 0 2,243 
X. (25% export) 15,065 351 4,832 
Consequently the cost of transporting soybeans is only 12.3 percent 
of all transportation cost in Model I. 
Water transportation is much more important for soybeans than 
it is for wheat or feed grain. Water carried 32 percent of the soybeans 
shipped by all modes and rail carried 59 percent of all the tons 
shipped. Thus, rail costs have greater impact on the cost of shipping 
soybeans than water. Again, the multiple car shipments of Model II 
generate the lowest total transportation costs. The largest transpor­
tation cost results from a 25 percent increase in demand for soybean 
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soybean export. The transportation costs in Model X are 37.7 percent 
higher than in Model I. 
The shift in the export demand from the Gulf to Seattle signifi­
cantly decreases the sum of tons hauled by all modes because the 
quantities carried by a combination of modes decline sharply as shown 
in Table 62. However, the reduction in the sum of the tons hauled 
by all modes does not induce in a corresponding decrease in trans­
portation costs. Although the tons hauled in Model IX decline 15.2 
percent, the cost actually increases 14.9 percent. The cost per ton 
shipped by all modes is $1.53 greater in Model IX than in Model I. 
Most soybeans shipped by water are transported by a combination 
of modes as shown in Table 63. Except for Model VI, more soybeans are 
transported by the rail-water combination than by either water alone 
or the truck-water combination. The use of rail to deliver soybeans 
to water access points is much more significant for soybeans than for 
the other grains. 
The division of transportation costs into shipping and handling cost 
Grain transportation costs cannot be analyzed without considering 
loading and unloading handling costs because handling costs vary by 
mode. Changes in handling costs do not always correspond to changes 
in shipping costs. Shipping costs depend on the distance and quantity 
hauled, but handling costs depend only on the quantity. The method 
which calculates handling cost is mentioned in Chapter III. 
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Table 62. Estimated transportation costs and quantities of inter­
regional soybean shipments by rail, water, and truck for 
ten models in 1980 
Model Total Rail Water Truck 
Cost 
(thousand 
dollars) 
I. 
II. 
(single-car) 
(50-car) 
138,478 
133,205 
95,207 
94,288 
37,007 
32,725 
6,264 
6,192 
III. (10% rail) 143,887 96,482 38,708 8,697 
IV. (20% rail) 149,727 87,581 46,779 15,367 
V. (10% barge) 141,369 96,784 38,134 6,451 
VI, (20% barge) 144,953 107,015 31,926 6,012 
VII. (alternative 
single-car) 142,666 95,296 36,074 11,295 
VIII. (10% Gulf-
Seattle) 145,726 110,873 29,306 5,547 
IX. (25% Gulf-
Seattle) 159,117 132,683 21,139 5,295 
X. (25% export) 190,739 132,311 49,383 9,045 
Quantity 
(thousand 
tons) H
 
M
 
M
 
(single-car) 
(50-car) 
29,256 
28,528 
17,351 
17,845 
9,385 
8,192 
2,520 
2,491 
1J.X . (10% rail) 29,443 IG f 323 9/703 3 m "7 ^ r / 
IV. (20% rail) 30,752 14,325 11,350 5,077 
V. (10% barge) 29,525 . 17,775 9,198 2,552 
VI. (20% barge) 28,710 18,714 7,618 2,378 
VII. (alternative 
single-car) 29,256 15,048 9,301 4,907 
VTTT . (10% Gnlf-
Seattle) 27,646 17,673 7,737 2,236 
IX. (25% Gulf-
Seattle) 25,403 17,831 5,436 2,136 
X. (25% export) 38,713 23,041 12,243 3,429 
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Table 63. Estimated quantities of soybeans shipped only by water, a 
combination of rail and water, and a combination of truck 
and water in 1980 
Model Water only Rail-water Truck-wat 
(thousand tons) 
I. (single-car) 1,889 4,976 2,520 
II. (50-car) 1,618 4,083 2,491 
III. (10% rail) 1,889 4,702 3,113 
IV. (20% rail) 2,256 5,387 3,707 
V. (10% barge) 1,428 5,546 2,223 
VI. (20% barge) 800 2,379 4,440 
VII. (alternative 
single-car) 1,889 3,800 3,611 
VIII. (10% Gulf-Seattle) 1,889 3,612 2,236 
IX. (25% Gulf-Seattle) 1,889 2,136 1,412 
X. (25% export) 1,914 7,017 3,312 
Wheat Handling cost and shipping cost are inversely related 
in the following sense that the percentage increase in the transpor­
tation costs decreases the quantity of grain hauled by the mode. 
This relationship is shown in Table 64. The handling cost for rail 
shipments, except for Model X, are the greatest for Model II, which 
has the lowest rail shipping costs. The lowest handling cost occurs 
in Model IV, which had the highest rail shipping cost except for Model 
X. 
Handling costs for truck movements are more than shipping costs 
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Table 64. Estimated shipping and handling costs of interregional 
wheat shipments by truck and rail for ten models 
Rail Truck 
Shipping Handling Shipping Handling 
Cost (thousand dollars) 
I. (single-car) 174,541 48,466 146 209 
II. (50-car) 162,506 48,944 0 0 
III. (10% rail) 182,260 45,174 2,887 3,092 
IV. (20% rail) 193,259 44,470 3,691 4,022 
V. (10% barge) 175,374 48,351 146 209 
VI. (20% barge) 176,739 48,760 4 6 
VII. (alternative 
single-car) 177,255 44,820 2,884 3,365 
VIII. (10% Gulf-
Seattle) 174,765 48,222 146 209 
IX. (25% Gulf-
Seattle ) 177,435 48,237 146 209 
X. (25% export) 202,079 56,387 198 284 
because grain is moved only short distances by truck. The handling 
cost for wheat moveiiienta by rail in Model I is 21.7 percent of all 
rail costs and that for water shipments in Model I is 24.9 percent 
of all water transportation costs. The percentage share of handling 
cost is larger for water than the other transportation modes. 
The combined quantities of wheat shipped in the Great Lakes and 
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the Columbia-Snake are larger than those shipped on the Mississippi, 
except for Model X. When rail system uses 50-car cost trains, the 
quantities shipped and shipping costs on the Mississippi, Columbia-
Snake, and Great Lakes are substantially decreased. When rail costs 
are increased 10 percent and 20 percent in Models III and IV, the 
quantities shipped and shipping costs on the Mississippi and the 
Columbia-Snake are increased and those on the Great Lakes remain 
constant (Table 65). In Model VII shipments on the Mississippi 
system and Great Lakes decline because the short distances moved by 
rail in the rail-water combination have a higher cost than in Model 
I and the alternative long distance movements by rail alone have a 
decreased cost. In contrast, the movement on the Columbia-Snake 
increases because it is executed with the truck-water combination. 
When the short distance rail costs are increased with alternate single-
"T rail . Tr>nr*o T.7hop+- -i c cbinooH tria -t-ho +-ynz-'V —T.ra-h ov r-omHS np'h "i o-n 
When the export level is increased 25 percent in Model X, the quantities 
shipped and shipping cost on the Columbia-Snake and the Great Lakes 
remain nearly constant but those on the Mississippi are substantially 
increased. This means that water transportation are used on only the 
Mississippi to meet the increased export demand for wheat. 
Feed grain The division of shipping and handling costs for 
feed grain shipments exhibits characteristics similar to the division 
of the wheat transportation costs. Handling costs for water and rail 
293 
Table 65. Estimated shipping cost, handling costs, and quantities of 
interregional wheat shipments on the Mississippi system, 
the Columbia-Snake system, and the Great Lakes for ten models 
Mississippi Columbia-Snake Great Lakes 
Shipping Handling Shipping Handling Shipping Handling 
Cost (thousand dollars) 
I. (single-car) 1,615 471 221 160 4,416 1,448 
II. (50-car) 502 106 0 0 996 326 
III. (10% rail) 3,509 900 2,090 1,592 4,416 1,448 
IV, (20% rail) 6,423 1,630 2,535 1,951 4,416 1,448 
V. (10% barge) 944 222 243 160 4,416 1,448 
VI. (20% barge) 41 7 0 0 4,416 1,448 
VII. (alternative 
single-car) 943 255 2,576 1,949 0 0 
VIII. (10% Gulf-
Seattle) 502 106 221 160 4,416 1,448 
IX. (25% Gulf-
Seattle) 502 106 221 160 4,416 1,448 
X. (25% export) 5,435 1,648 221 160 4,004 1,314 
Quantity (thousand tons) 
I. (single-car) 552 140 883 
II. (50-car) 124 0 lyy 
III. (10% rail) 1 ,054 1 ,392 883 
IV. (20% rail) 1 ,926 1 ,705 883 
V. (10% barge) 260 140 883 
VI, (20% barge) 8 0 883 
VII. (alternative 
single—car) 295 ,704 0 
VIII, (10% Gulf-Seattle) 124 140 883 
IX. (25% Gulf-Seattle) 124 140 883 
X. (25% export) 1 ,930 140 801 
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movements are approximately 20 percent of the total transportation 
costs (Table 66). Handling costs exceed the shipping costs for truck 
movements because the trip distances by truck are very short. Unlike 
wheat, all water movements for feed grain are on the Mississippi 
system. 
Soybeans Handling costs comprise a larger share of transpor­
tation costs for soybeans than for wheat or feed grain (Table 57) 
because the average shipping distance for soybeans is shorter than 
the distance for the other grains as shown in Table 75. This contrast 
between soybeans and the other grains is not, however, so great for 
water and truck movements. In Model I, the handling costs for rail 
shipments are 29.7 percent of all rail transportation costs and those 
for water shipments are 21.7 percent of all water transportation 
costs (Table 67). Like feed grain and wheat, handling costs exceed 
shipping costs for truck movements because of short trip distances 
of truck shipments. 
Like feed grain, all soybean movements by water are on the 
Mississippi system. The water movements are more important for soy­
beans th^n for other grains because most export demand for soybeans 
are shipped at the Gulf. When rail costs are increased in Models 
III and IV, the rail traffic is largely replaced by water shipments. 
Ton-mile of interregional shipments 
Ton-miles is another measure of the transportation services used for 
interregional grain shipments. Ton-miles is a measure of both distance and 
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Table 66. Estimated shipping and handling costs of interregional feed 
grain shipments by rail, water, and truck for ten models 
Rail Water Truck 
Shipping Handling Shipping Handling Shipping Handling 
Cost (thousand dollars) 
I. (single-car) 518,028 126,704 83,220 17,279 4,683 7,189 
II. (50-car) 500,837 133,109 61,644 15,792 227 496 
III. (10% rail) 551,622 125,213 87,665 21,149 8,008 10,191 
IV. (20% rail) 550,844 120,725 133,138 24,623 8,457 11,630 
V. (10% barge) 546,597 133,002 67,745 15,792 274 498 
VI. (20% barge) 547,485 133,207 73,258 15,595 143 310 
VII. (alternative 
single-car) 523,923 125,802 73,516 22,074 3,943 7,092 
VIII. (10% Gulf-
Seattle) 535,319 129,344 71,756 18,773 2,574 5,080 
IX. (25% Gulf-
Seattle) 558,586 133,304 65,650 16,805 1,711 3,737 
X. (25% export) 497,905 127,912 81,197 20,774 4,774 8,050 
quantity carried. The variations in ton-miles of grain traffic provides 
an additional dimension to the analysis. 
Grain The ton-miles by each mode are inversely associated with 
rail, truck, and barge costs. When rail costs decline with the use 
of 50-car shipments, the ton-miles increase 5.6 percent for rail 
and decrease 20.7 percent for water and 55.4 percent for truck (Table 
68). The sum of the ton-miles by all models is decreased from 124,623 
million in Model I to 121,601 million in Model II with 50-car rail 
cost because long distance grain movements by water are replaced by 
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Table 67. Estimated shipping and handling costs of interregional feed 
grain shipments by rail, water, and truck for ten models 
Model ; 
Rail Water Truck 
Shipping Handling Shipping Handling Shipping Handling 
Cost (thousand dollars) 
I. (single-car) 66,925 28,282 28,992 8,015 2,502 3,762 
II. (50-car) 65,201 29,087 25,729 6,996 2,473 3,719 
III. (10% rail) 69,550 26,932 30,422 8,286 3,894 4,803 
IV. (20% rail) 64,231 23,350 37,086 9,693 7,787 7,580 
V. (10% barge) 67,811 28,973 30,279 7,855 2,641 3,810 
VI. (20% barge) 76,511 30,503 25,420 6,506 2,462 3,550 
VII. (alternative 
single-car) 70,768 24,528 28,131 7,943 3,969 7,326 
VIII. (10% Gulf-
Seattle) 82,066 28,807 22,699 6,607 2,209 3,338 
IX. (25% Gulf-
Seattle) 103,618 29,065 16,495 4,644 2,106 3,189 
X. (25% export) 94,754 37,557 38,928 10,455 3,926 5,119 
rail shipments. The increases in rail costs in Model HI and Iv cause 
(1) the decreases in ton-miles by rail and (2) the increases in ton-
miles by water and truck (Table 68). In contrast, the increases in 
barge costs in Models V and VI cause (10 the increases in ton-miles 
by rail and (2) the decreases in ton-miles by water and truck (Table 
68). With alternative single-car rail cost, ton-miles by truck is 
increased 165.7 percent because the average optimal distance by truck 
is increased (Table 68). 
Shifting part of the demand for exports from the Gulf to Seattle 
in Models VIII and IX generates (1) the increases in ton-miles by 
rail and (2) the decreases in ton-miles by truck and water. However, 
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Table 68. Comparison of the estimated ton-miles of interregional 
grain traffic by rail, water, and truck for ten models in 
1980 
Model Rail Water Truck 
(million ton-miles and corresponding percentage of Model I) 
I. (single-car) . 87,028 (100. 0) 37,389 (100, .0) 206 (100.0) 
II. (50-car) 91,859 (105. 6) 29,652 (79. 3) 90 (43.6) 
III. (10% rail) 83,934 (91. 4) 40,072 (107 .2) 401 (195.1) 
IV. (20% rail) 79,795 (91. 7) 47,171 (126, .2) 683 (331.9) 
V. (10% barge) 90,744 (104. 3) 31,500 (84, .2) 104 (50.4) 
VI. (20% barge) 91,925 (105. 6) 29,870 (79.9) 88 (42.9) 
VII. (alternative 
single-car) 88,281 (101. 4) 34,770 (93, .0) 547 (265.7) 
VIII. (10% Gulf-Seattle) 91,058 (104. 6) 32,259 (86 .3) 142 (69.0) 
IX. (25% Gulf-Seattle) 92,413 (106. 2) 27,157 (72 .6) 116 (56.6) 
X. (25% export) 90,618 (104. 1) 44,072 (117 .9) 272 (132.0) 
Table 69. Comparison of the estimated ton-miles of interregional wheat 
traffic by rail, water, and truck for ten models in 1980 
Model Rail Water Truck 
(millier, ton-mile? and cnrrAsponôing percenLaqe of Model I) 
I. (single-car) 19,825 (100. 0) 2,369 (100. 0) 4 (100.0) 
II. (50-car) 20,565 (103. 7) 480 (20. 3) 0 (0.0) 
III. (10% rail) 18,948 (95. 6) 2,579 (113. 1) 113 (2510.8) 
IV. (20% rail) 18,284 (92. 2) 4,543 (191. 8) 154 (3439.2) 
V. (10% barge) 19,950 (100. 6) 2,023 (85. 4) 5 (100.0) 
VX. (20% barge) 20,104 (101; 4) 1.-813 (76. 5) 0 (3.6) 
VII. (alternative 
single-car) 20,210 (101. 9) 768 (32. 4) 112 (2494.2) 
VIII. (10% Gulf-Seattle) 19,843 (100. 1) 1,928 (81. 4) 4 (100.0) 
IX. (25% Gulf-Seattle) 20,182 (101. 8) 1,928 (81. 4) 4 (100.0) 
X. (25% export) 22,915 (115. 6) 3,562 (150. 4) 7 (147.8) 
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the sum of the ton-miles for all modes among ten models is the least 
for Model IX, 119,686 million and the greatest for Model IV, 127,649 
million (Table 58). Model II, which has the lowest transportation 
costs, has 121,601 million ton-miles of grain traffic. A total of 
4,937 million ton-miles of grain traffic is saved by shifting export 
demand in Model IX. 
The fluctuation in the ton-miles of water traffic is consider­
ably larger than it is for rail. The greatest ton-mile traffic for 
rail is 15.8 percent larger than the lowest. For water, the greatest 
level of traffic is 73.7 percent larger than the lowest level. Truck 
traffic exhibits a very wide fluctuation because only interregional 
grain flows are included in the study. The local shipment of grain, 
which would generally be made by truck is not included in the analysis. 
Wheat, feed grain, and soybeans The variations in ton-miles 
for each grain are similar to the variation in ton-miles in grain 
(Tables 69, 70, 71). The range of the percentage changes in wheat, 
and soybean traffic is greater than the range of the percentage 
change for all grain. In contrast, the ton-miles traffic of feed 
grain fluctuates less than all the traffic of grain. Like tons, the 
ton-mile traffic of wheat via water is low, vjhile that of soybean 
via water is very high. Thus, water transportation system is more 
important in soybean movements than in wheat. 
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Table 70. Comparison of the estimated ton-miles of interregional feed 
grain traffic by rail, water, and truck for ten models in 
1980 
Model Rail Water Truck 
(million ton-miles and corresponding percentage of Model I) 
I. (single-car) 6,030 (100. 0) 25,201 (100.0) 116 (100. 0) 
II. (50-car) 63,595 (105. 5) 20,405 (81.0) 6 (4. 9) 
III. (10% rail) 58,376 (96. 8) 27,158 (107.8) 157 (135. 1) 
IV. (20% rail) 55,925 (92. 7) 30,371 (120.5) 230 (198, .4) 
V. (10% barge) 63,512 (105. 3) 20,425 (81.0) 7 (5, .9) 
VI. (20% barge) 63,611 (105. 5) 20,270 (80.4) 4 (3, .1) 
VII. (alternative 
single-car) 61,101 (101. 3) 24,561 (97.5) 146 (125. 8) 
VIII. (10% Gulf-Seattle) 62,169 (103. 1) 22,891 (90.8) 64 (55, .2) 
IX. (25% Gulf-Seattle) 65,139 (108. 0) 20,233 (80.3) 43 (36 .8) 
X. (25% export) 57,759 (95. 8) 26,841 (106.5) 118 (102 .1) 
Table 71. Comparison of the estimated ton-miles of interregional 
soybean traffic by rail, water, and truck for ten models 
in 1980 
Model Rail Water Truck 
(million ùon-iïiiltiS àud correspouuing pe of Model I) 
I. (single-car) 6,906 (100.0) 9,820 (100.0) 85 (100.0) 
II. (50-car) 7,700 (111.5) 8,767 (89.3) 84 (98.6) 
III. (10% rail) 6,610 (95.7) 10,236 (104.2) 132 (155.0) 
IV. (20% rail) 5,587 (80.9) 12,257 (124.8) 299 (350.1) 
V. (10% barge) 7,282 (105.4) 9,052 (92.2) 92 (108.2) 
VI. (20% barge) 8,210 (118.9) 7,787 (79.3) 85 (99.1) 
VII. (alternative 
single-car) 6,970 (100.9) 9,442 (96.2) 289 (338.7) 
VIII. (10% Gulf-Seattle) 9,046 (131.0) 7,440 (75.8) 73 (86.1) 
IX. (25% Gulf-Seattle) 12,093 (175.1) 4,996 (50.9) 69 (81.3) 
X. (25% export) 9,944 (144.0) 13,669 (139.2) 147 (171.7) 
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Average distance of interregional shipments 
The average distance grain is shipped is measured as the simple 
average of the distance between loading and unloading points. The 
average distances are shown in Tables 72, 73, 74, and 75. 
For all grain, as shown in Table 72, the larger differences for 
rail occur in Models II, VIII, IX and X. The average distance 
between rail loading and unloading points is shorter when either 
rail or barge costs increase. The alternative single-car costs in 
Model VII lengthened both measures of average distances for rail and 
truck and shortened them for water. The average distances by truck 
increased because short rail movements are replaced by truck. The 
average distance by water decreased because large water movements 
are displaced by rail. The average distance by rail increase because 
short rail movements are replaced by truck and long water movements 
are replaced, by rai l . 
The average distance between loading and unloading points are 
low for rail soybean shipments as shown in Table 75. These short rail 
distances occur for two reasons. First, large quantities of soybeans 
are shipped long distances by water, leaving only the shorter distances 
for rail. And second, a large part of the total demand for interregional-
ly shipped soybeans is at New Orleans which is near major regions of soy­
bean production. 
Truck hauls average less than 60 miles for each grain in all models. 
Obviously, truck is not in competition for distances more than 100 
miles under the assumptions of this study. 
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Table 72. The average distance between grain loading and unloading 
points for rail, water, and truck for ten models 
Model Rail Water Truck 
(miles) 
I. (single-car) 748 1,128 32 
II. (50-car) 736 1,167 33 
III. (10% rail) 741 1,155 49 
IV. (20% rail) 736 1,195 63 
V. (10% barge) 746 1,096 33 
VI. (20% barge) 742 1,163 32 
VII. (alternative 
single-car) 781 1,055 68 
VIII. (10% Gulf-Seattle) 756 1,131 23 
IX. (20% Gulf-Seattle) 791 1,101 22 
X. (25% export) 681 1,156 38 
Table 73. The average distance between wheat loading and unloading 
points for rail, water, and truck for ten models 
Model Rail Water Truck 
(miles) 
I. (single-car) 837 955 32 
II. (50-car) 810 985 0 
III. (10% rail) 830 1,031 76 
IV. (20% rail) 847 1,114 65 
V. (10% barge) 811 996 32 
VI. (20% barge) 805 1,175 37 
VII. (alternative 
single-car) 828 775 70 
VIII. (10% Gulf-Seattle) 796 820 32 
IX. (25% Gulf-Seattle) 826 820 32 
X. (25% export) 699 953 40 
302 
Table 74. The average distance betvjeen feed grain loading and unloading 
points for rail, water, and truck for ten models 
Model Rail Water Truck 
(miles) 
I. (single-car) 872 1,306 26 
II. (50-car) 874 1,249 19 
III. (10% rail) 846 1,371 26 
IV. (20% rail) 849 1,402 61 
V. (10% barge) 876 1,325 30 
VI. (20% barge) 869 1,250 19 
VII. (alternative 
single-car) 892 1,306 67 
VIII. (10% Gulf-Seattle) 859 1,382 26 
IX. (25% Gulf-Seattle) 872 1,339 19 
X. (25% export) 812 1,370 30 
Table 75. The average distance between soybean loading and unloading 
points for rail, water, and truck for ten models 
Model Rail Water Truck 
(miles) 
I. V bJ-iiyxc; —v-rCii, j <!36 j . I 00 35 
II. (50-car) 438 1,175 35 
III. (10% rail) 452 1,103 41 
IV. (20% rail) 492 1,098 64 
V. (10% barge) 450 1,046 35 
VI. (20% barge) 459 1,128 34 
VII. (alternative 
single-car) 503 1,067 68 
VIII. (10% Gulf-Seattle) 554 998 31 
IX. (25% Gulf-Seattle) 632 996 31 
X. (25% export) 461 1,161 40 
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Grain Production 
Grain production and utilization projections for 1980 
The national grain demand (production) was held constant in ail 
models, except Model X which has 25 percent increase in grain exports. 
The production of grain — wheat, feed grain, and soybeans — required 
to meet the projected 1980 demand for grain is 323,330 thousand tons 
in Models I through IX and 344,178 thousand tons in Model X (Table 76). 
The basic projection of wheat production in 1980 is 45,070 thousand tons 
and 5 percent lower than it averaged in 1971 and 1972 because domestic 
demand is projected to decline and past production exceeded utilization. 
However, the projection of wheat production with 25 percent increase 
in export level (Model X) is 9.7 percent higher than wheat production 
in 1972. The basic projection of feed grain production in 1980 is 
224,560 thousand tons, which is 10 percent higher than feed grain 
production in 1972. The projection of feed grain production in 1980 
with 25 percent higher export is 15.9 percent higher than in 1972. 
Soybeans are projected and experience the greatest expansion. Their 
production in the base model is projected to increase from 38,490 
thousand tons in 197? tn 53,700 thousand tons in 1980, a 40 percent 
increase in Models I through IX and a 60.6 percent increase in Model 
X. The above production levels would satisfy the projected 1980 demand 
without either shortage or surplus. 
The utilization of grain in 1980 is 20.4 percent higher in Models 
I through Ix than that in 1971 and 28.2 percent higher in Model X 
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Table 76. Wheat, feed grain, and soybean production in 1971 and 1972 
and projections for 1980 under two alternative export 
levels 
1971 
(1000 tons) 
1972 
(1000 tons) 
1980 
Projection 
(1000 tons) 
1980 
High export 
projection 
(1000 tons) 
Wheat 48,540 46,350 45,070 50,861 
Feed grains 207,710 199,774 224,560 231,487 
Soybeans 35,280 38,490 53,700 61,830 
Total 291,530 284,614 323,330 344,178 
^Sources: wheat, the August 1973 issue of the Wheat Situation; 
feed grains, the August 1973 issue of Feed Situation; and soybeans, 
the July 1973 issue of Fats and Oils Situation. Each of the reports 
are periodicals issued by the U.S. Department of Agriculture, Statistical 
Reporting Service, Washington, D.C. 
Table 77. Wheat, feed grain, and soybean utilization in 1971-72 and 
projections of their relative increase by 1980 
urain utilization 
1971-72 
Relative projected increase in 
utiliaaLlou Uroui 1371-72 to 
1980 (percent) 
(1000 tons) Basic export 
level 
High export 
level 
Wheat 44,592 1.1 14.1 
Feed grains 187,164 20.0 23.7 
Soybeans 36,819 45.8 67.9 
Total 268,575 20.4 28.2 
^Source for grain utilization for 1971-72: U.S. Department of 
Agriculture, Statistical Reporting Service Crop Reporting Board, 
Washington, D.C., January 1, 1973. 
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(Table 77). 
Total crop acreage, yield, and production cost 
The changes in transportation and demand in the first nine models 
caused only very slight variation in the grain acreage and grain produc­
tion cost as shown in Table 78. The acres used for grain and cotton 
production in Model I is 216,588 thousand acres which is 0.033 percent 
higher than Model IV. The production cost for grain and cotton produc­
tion in Model I is 14,506 million dollars, The production costs and 
acres used in Model X were larger because of 25 percent increase in 
grain exports. Model X has 6.45 percent larger production, uses 10.85 
percent more land, and has 9.66 percent larger production costs than 
Model I. The impact of the changes for the individual crops of wheat, 
feed grain, and soybeans is very similar to that of all grains. Through 
all grains Model IX has the least production cost among models. The 
production cost ul wheat, feed grain and soybeans in Model IX is 2,031 
million dollars, 7,718 million dollars and 3,243 million dollars, 
respectively. These numbers are slightly different from the other 
models except Model X. The production of feed grain accounts for 
69.45 percent of total grain production while the production costs to 
produce the same amount of feed grain account for only 59.40 percent of 
total production costs. Next, the production of soybean accounts for 
16.61 percent of total grain production but the production costs are 
24.96 percent of total production costs. The production and its costs 
of wheat account for 15.63 percent and 13.93 percent of total production 
and its costs respectively. 
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Table 78. Estimated national grain production, acres used and acres not 
used for grain and cotton production, and cost of grain and 
cotton production for ten models 
Model Grain 
production 
(1000 tons) 
Acres used 
for grain 
and cotton 
production 
(1000) 
Available 
acres not 
used 
(1000) 
Gram and 
cotton 
production 
cost 
(million 
dollars) 
I. (single-car) 323,329 216,588 28,287 14,506 
II. (50-car) 323,329 216,682 28,192 14,503 
III. (10% rail) 323,329 216,590 28,285 14,512 
IV. (20% rail) 323,329 215,876 28,998 14,515 
V. (10% barge) 323,329 216,592 28,282 14,506 
VI. (20% barge) 323,329 216,575 28,300 14,505 
VII. (alternative 
single-car) 323,329 216,709 28,165 14,504 
VIII. (10% Gulf-
Seattle) 323,329 216,643 28,231 14,506 
IX. (25% Gulf-
Seattle) 323,329 216,916 27,958 14,502 
X. (25% exports) 344,178 240,090 4,784 15,908 
The acres used, yield per acre, and production cost for cotton 
is unaffected by the changes of the first nine models. The 10,037,242 
bales of cotton are produced on 8,831 thousand acres with an average 
yield of 1,355 bales per acrs. The cost of producing cotton is 1;510 
million dollars. When grain exports are increased by 25 percent, 
cotton is produced on 9,095 thousand acres with an average yield of 
1,104 bales per acre and a production cost of 1,526 million dollars. 
The decrease in the average cotton yield and the increase in the 
307 
Table 79. Estimated national wheat production, acres, yield, and pro­
duction cost for ten models 
Model Production (1000 tons) 
Acres 
(1000) 
Yield 
(tons/acre) 
Production cost 
(million dollars) 
I. (single-car) 45,070 44,590 1.011 2,031 
II. (50-car) 45,070 44,496 1.013 2,032 
III. (10% rail) 45,070 44,500 1.013 2,032 
IV. (20% rail) 45,070 44,504 1.013 2,033 
V. (10% barge) 45,070 44,565 1.011 2,031 
VI. (20% barge) 45,070 44,501 1.013 2,032 
VII. (alternative 
single-car) 45,070 44,546 1.012 2,031 
VIII. (10% Gulf-Seattle) 45,070 44,549 1.012 2,031 
IX. (25% Gulf-Seattle) 45,070 44,541 1.012 2,031 
X. (25% exports) 50,861 51,075 0.996 2,371 
Table 80. Estimated national feed grain production, acres, yield, price, 
and production cost for ten models 
Model 
Production^ 
(1000 tons) 
Acres 
(1000) 
Yield® 
(tons/acre) 
Production cost 
(million dollars) 
I. (single-car) 224,556 103,623 2.167 7,718 
II. (50-car) 224,556 103,707 2.165 7,719 
III. (10% rail) 224,556 103,500 2.170 7,722 
IV. (20% rail) 224,556 103,353 2.173 7.725 
V. (10% barge) 224,556 103,628 2.169 7,718 
VI. (20% barge) 224,556 103,628 2.167 7,718 
VII. (alternative 
single-car) 224,556 103,743 2.165 7,719 
VIII. (10% Gulf-Seattle) 224,556 103,671 2.166 7,719 
IX. (25% Gulf-Seattle) 224,556 103,957 2.160 7,718 
X. (25% exports) 231,487 108,791 2.128 8,108 
^The production and yield are expressed in corn equivalent units. 
That is, if all feed grain production in Model I were corn, 224,555 
tons would be produced, the yield would be 2.167 tons of corn per acre, 
and the price would be $1.384 per bushel of corn. 
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Table 81. Estimated national soybean production, acres, 
and production cost for ten models 
yield, price. 
Model 
Production 
(1000 tons) 
Acres 
(1000) 
Yield 
(tons/acre) 
Production cost 
(million dollars) 
I. (single-car) 53,700 59,544 0.902 3,246 
II. (50-car) 53,700 59,648 0.900 3,244 
III. (10% rail) 53,700 59,588 0.901 3,248 
IV. (20% rail) 53,700 59,638 0.900 3,248 
V. (10% barge) 53,700 59,569 0.902 3,247 
VI. (20% barge) 53,700 59,642 0.900 3,245 
VII. (alternative 
single-car) 53,700 59,589 0.901 3,245 
VIII. (10% Gulf-Seattle) 53 700 59,591 0.901 3,246 
IX. (25% Gulf-Seattle) 53,700 59,587 0.901 3,243 
X. (25% exports) 61,830 71,130 0.869 3,903 
production cost are the results of the need for land for grain production. 
Grain sales 
The estimated percentages of grain sold are multiplied by the pro­
duction projections for 1980 to obtain the projected farm sales in 1980. 
The estimated percentage of grain sold is estimated on the basis of 
historical levels. All soybeans produced are sold except those held 
for seed. All wheat is sold except that held for feed or fed on farms 
where grown. A 93 percent of the soybean crops is projected to be sold 
from farms where grown in 1980 and 62 percent of feed grain will be sold 
in 1980. It was assumed that all the additional exports in the case 
of high exports would be sold from farms. Farm sales of grain in 1980 
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Table 82. Wheat, feed grain, and soybean sales from farms in 1972 and 
projections for 1980 for the basic and high export levels^ 
Projected 1980 sales 
with high level of 
exports 
(thousand (percent 
tons) of 1972) 
Wheat 43,799 41,915 96 47,510 108 
Feed grain 119,958 139,225 116 146,100 122 
Soybeans 37,715 52,089 138 59,899 159 
Total 201,472 233,229 116 253,509 126 
^Source for 1972 sales - Field Crops, May 1972 (93). 
for the basic export level are projected to be 16 percent higher than 
they were in 1972. At the high export projections for 1980, grain sales 
are estimated to increase 26 percent above the 1972 level. The basic 
level of exports results in an annual 2.0 percent increase in sales 
while a 25 percent greater export level results in 3.25 percent increase 
in sales. Clearly, the increase in farm sales is very sensitive to 
exports. 
Shadow prices 
To facilitate the presentation of the shadow prices generated 
in the model, these prices have been divided into four groups: (1) 
the national average shadow price at farms for each crop, (2) the 
national average shadow price at consuming regions for each crop, (3) 
Projected 1980 sales 
with basic level of 
sales 
(thousand —r-r ^x^r s 
. (thousand (percent 
tons) of 1972) 
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the average shadow price at each individual U.S.D.A. consuming region 
for each crop in both time periods, (4) and shadow price at ports. 
National average shadow price at farm The shadow price at farm 
generated in the ten models is equal to the amount by which the total 
production cost would be decreased if production requirements were re­
duced by one unit. This price is, therefore, equal to the highest cost 
for producing the last unit of grain to satisfy the production require­
ments. The national average shadow price for each crop is estimated by 
subtracting the estimated total transportation costs of each grain from 
the estimated total value of grain at markets. 
There are only small changes in the shadow prices between models. 
Models VIII and IX have the highest shadow prices for wheat among the 
first nine models because 10 percent and 25 percent shift in wheat 
export frcan the Gulf to Seattle requires redistribution of grain pro­
duction (Table 83). Model IX has the lowest price for both feed grain 
and soybeans. This means that the redistribution of grain production 
is more efficient in Model IX than in Model I. A 25 percent increase in 
grain exports, Model X, results in a 6.45 percent increase in grain 
production and a 9.67 percent increase in production costs. Land avail­
able, but not used, declines sharply to less than 5 million acres. 
Average yields also decline because land is less productive regions 
is used. Model X has the shadow prices for each grain, the wheat 
price is 58 percent higher in Model X than in Model I, the feed grain 
price is 40 percent higher and the soybean price is 57 percent higher. 
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Table 83. National average price of each grain at producing region 
for ten models 
Model Wheat Feed grain Soybeans 
(dollar per bushel) 
I 1.79 1.34 2.57 
II 1.79 1.34 2.57 
III 1.79 1.35 2.58 
IV 1.80 1.36 2.60 
V 1.79 1.34 2.57 
VI 1.79 1.34 2.57 
VII 1.79 1.34 2.56 
VIII 1.81 1.35 2.57 
IX 1.81 1.32 2.56 
X 2.80 1.96 4.28 
National average shadow price at consuming region The interpre­
tation of the consuming region shadow price for each grain and each time 
period is similar to that at farms except, the consuming region prices 
also reflect transportation costs. The prices in Table 84 are the 
weighted average prices of 78 consuming regions for the two time periods. 
The quantities demanded at each of the regions were used as the weights. 
Since these prices are reflected by transportation costs, Model IV (20 
percent increase) has the highest price for all grain except for Model 
X. Time period 1 has a higher shadow price than time period 2 for feed 
grain and soybeans because some waterway transportation is not available 
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Table 84. National average price of each grain at consuming region for 
ten models 
Model Wheat 
Feed grain Soybean 
pi P2 pi p2 
I 
II 
III 
IV 
V 
VI 
VII 
VIII 
IX 
X 
1.94 
1.94 
1.96 
1.98 
1.95 
1.95 
1.95 
1.97 
1.97 
2.97 
1.47 
1.46 
1.48 
1.49 
1.47 
1.47 
1.46 
1.47 
1.45 
2.05 
(dollar per bushel), 
1.41 2,66 
1.41 
1.42 
1.43 
1.41 
1.42 
1.41 
1.42 
1.41 
2.04 
2.66 
2.67 
2.72 
2.65 
2.65 
2.65 
2.65 
2.64 
4.40 
2.63 
2.63 
2.65 
2 .66  
2.64 
2.65 
2,64 
2.64 
2.65 
4.38 
in period 1. Models VIII and IX have the highest shadow price tor wneat 
because more grain must be shipped by rail through the expensive rail 
cost territory. 
The shadow prices in Model X are much higher than those in Model I, 
the wheat price is 53 percent higher in Model X than in Model I, the 
feed grain price is 39 percent higher in period 1 and 45 percent higher 
in period 2, and the soybean price is 65 percent higher in period 1 and 
67 percent higher in period 2. 
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Shadow prices at each individual U.S.D.A. consuming region The 
shadow price at each individual U.S.D.A. consuming region is the 
weighted average price of the consuming regions and two time periods 
in the given U.S.D.A. territory. The quantities demanded at each of 
the regions were used as the weight. The interpretation of shadow price 
is the same as that in the previous section. 
Wheat The Mountain and Pacific territories have the lowest 
shadow prices and the Northern Plains territory has the highest shadow 
prices for wheat throughout all models, except Model X (Table 85). The 
regional variations of the prices are large. The price in the Northern 
Plains territory is 39 percent higher than that in the Mountain Terri­
tory in Model I. The price in the Delta States is higher than that in 
the Pacific in Model I but in Models VIII and IX, the price in the Delta 
States is lower than that in the Pacific. 
Feed grain The relative price variations between the ten 
territories are large, but there are small changes between models. The 
highest price for feed grain in Model I is 59 percent greater than the 
lowest price in period 1 (Table 86) and 38 percent in period 2 (Table 
87). The Northern Plains territory has the lowest price and the 
Appalachian territory has the highest price throughout the ten models 
in period 1. In period 2, the Corn Belt territory has the lowest price 
and the Southeast territory has the highest price throughout the ten 
models. In addition, the prices in the Corn Belt, Lake States, and 
Table 85. Average wheat price at each of ten consuming territories for ten models 
Model 
Region II III IV V VI VII VIII IX X 
(clollar per bushel) 
Northeast 2.03 2.02 2.08 2.12 2.03 2.04 2.03 2.08 2.05 2.85 
Lake States 1.92 1.90 1.91 1.89 1.92 1.92 1.92 1.93 1.92 2.65 
Corn Belt 2.01 2.01 2.03 2,04 2.01 2.00 2.01 2.01 1.98 3.29 
Northern Plains 2.19 2.20 2.19 :!„19 2.19 2.20 2.19 2.18 2.19 4.28 
Appalachian 2.07 2.09 2.08 2,12 2.09 2.13 2.09 2.05 2.05 2.70 
Southeast 2.12 2.12 2.13 2.14 2.12 2.14 2.16 2.12 2.11 2.60 
Delta States 1.87 1.86 1.94 2.05 1.87 1.88 1.87 1.86 1.85 2.70 
Southern Plains 1.98 1.98 1.99 :2.01 1.98 1.99 1.99 1.99 2.00 3.07 
Mountain 1.58 1.59 1.57 1.57 1.58 1.58 1.58 1.62 1.64 2.37 
Pacific 1.78 1.78 1.80 1.83 1.78 1.77 1.77 1.89 1.94 2.67 
Table 85. Average feed grain price at each of ten consuming territories for ten models in 
period 1 
„ . Model I II III IV V VI VII VIII IX X 
Region 
(dollar per bushel) 
Northeast 1.56 1.54 1.59 1.62 1.56 1.57 1.56 1.56 1.55 2.20 
Lake States 1.29 1.29 1.30 1.30 1.29 1.29 1.29 1.29 1.29 1.90 
Corn Belt 1.28 1.28 1.29 1.30 1.28 1.29 1.28 1.20 1.27 1.92 
Northern Plains 1.27 1.27 1.27 1.28 1.27 1.27 1.30 1.26 1.27 1.94 
Appalachian 2.03 2.00 2.02 2.02 2,01 2.01 2.05 2.01 2.01 2.17 
Southeast 1.74 1.73 1.77 1.82 1.74 1.75 1.64 1.73 1.62 2.19 
Delta States 1.52 1.52 1.53 1.54 1.54 1.55 1.53 1.53 1.53 2.09 
Southern Plains 1.49 1.49 1.50 1.51 1.50 1.50 1.50 1.50 1.48 2.12 
Mountain 1.51 1.48 1.53 1.55 1.50 1.50 1.49 1.48 1-48 2.07 
Pacific 1.68 1.67 1.71 1.74 1.69 1.69 1.67 1.67 1.68 2.27 
Table 87. Average feed grain price at each of ten consuming territories for ten models in 
period 2 
Model 
Region I II III IV V VI VII VIII IX X 
(dollar per bushel) 
Northeast 1.57 1.55 1.60 3.62 1.57 1.57 1.56 1.57 1.55 2.21 
Lake States 1.23 1.23 1.23 1.24 1.23 1.23 1.23 1.23 1.23 1.93 
Corn Belt 1.26 1.28 1.29 ].30 1.29 1.29 1.28 1.29 1.27 1.92 
Northern Plains 1.29 1.29 1.29 1.29 1.29 1.30 1.29 1.30 1.28 1.88 
Appalachian 1.5T 1.58 1.60 ]... 63 1.59 1.59 1.58 1.59 1.57 2.16 
Southeast 1.07 1.66 1.68 68 1.68 1.68 1.71 1.69 1.73 2.16 
Delta States 1.46 1.47 1.48 :...50 1.48 1.49 1.48 1.48 1.46 2.12 
Southern Plains 1.46 1.45 1.46 j..47 1.46 1.47 1.46 1.46 1.44 2.15 
Mountain 1.53 1.51 1.52 I.. 54 1.52 1.52 1.52 1.53 1.53 2.13 
Pacific 1.70 1.69 1.73 I..76 1.71 1.71 1.69 1.68 1.68 2.25 
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Northern Plains territories are substantially lower than the other 
territories in both time periods throughout the models. 
Soybeans The relative price variations of soybeans between 
the territories are not larger than that of feed grain, but the varia­
tions of soybean price between the models are larger than that of feed 
grain (Tables 88, 89). In both time periods, the Northern Plains terri­
tory has the lowest shadow price throughout the models and the Corn Belt 
has the highest shadow prices which is 13 percent higher than the 
lowest price in Model I. The largest variation between the first 
nine models occurs in the Corn Belt territory. The price in Model IV 
is 10.3 percent higher than that in Model IX in period 1, and 1 percent 
higher in period 2. 
Shadow prices at export ports The comparative advantage between 
Seattle and the Gulf in exportiny yjiain can be analyzed from a com­
parison of the differences in ocean shipping costs to foreign countries 
and the difference in grain prices between the port regions for Models 
I, VIII and IX. Under the traditional distribution of exports in Model 
I, the price of wheat is lower at Seattle than at the Gulf (Table 90). 
The feed grain price in Model I is higher at Seattle than at the Gulf 
ports and soybeans traditionally have not been exported through Seattle. 
After export demand are redistributed between the Gulf and Seattle, the 
price of wheat is lower at the Gulf than at Seattle, except for the Houston 
price in Model VIII. Prices of feed grain and soybeans in Models VIII and 
Table 88. Average soybean price at each of ten consuming territories for ten models in period 1 
Model 
I II III ;:v V VI VII viii ix x 
Region 
(dollar per bushel) 
Northeast 2.69 2.68 2.73 2.77 2.69 2.69 2.69 2.69 2.69 4.40 
Lake States 2.42 2.42 2.44 2.46 2.41 2.41 2.41 2.42 2.41 4.18 
Corn Belt 2.74 2.72 2.78 2.38 2.68 2.69 2.71 2.69 2.60 4.51 
Northern Plains 2.35 2.36 2.36 2.37 2.36 2.36 2.36 2.35 2.36 4.13 
Appalachian 2.71 2.71 2.76 2.78 2.73 2.73 2.73 2.69 2.68 4.33 
Southeast 2.51 2.51 2.53 2.55 2.51 2.51 2.51 2.51 2.50 4.25 
Delta States 2.67 2.67 2.66 2.58 2.67 2.68 2.67 2.66 2.64 4.40 
Southern Plains 2.66 2.66 2.66 2.67 2.66 2.67 2.67 2.66 2.(56 4.41 
Mountain 000 3 000000 
Pacific 2.74 2.72 2.78 2.82 2.74 2.75 2.73 2.78 2.86 4.51 
Table 89. Average soyljean price at each of ten territories for ten models in period 2 
Model 
Region I II III :CV V VI Vll Vlll ix x 
(dollar per bushel) 
Northeast 2.74 2.72 2.77 2.30 2.74 2.74 2.74 2.74 2.74 4.40 
Lake States 2.49 2.49 2.51 2.53 2.48 2.48 2.50 2.49 2.43 4.23 
Corn Belt 2.70 2.71 2.74 2.73 2.73 2.74 2.71 2.73 2.72 4.44 
Northern Plains 2.35 2.36 2.36 2.36 2.35 2.35 2.36 2.35 2.36 4.13 
Appalachian 2.65 2.64 2.65 2.58 2.63 2.63 2.63 2.66 2.66 4.31 
Southeast 2.50 2.50 2.52 2.54 2.50 2.50 2.49 2.50 2.49 4.25 
Delta States 2.61 2.61 2.63 2.55 2.61 2.62 2.61 2.60 2.60 4.40 
Southern Plains 2.61 2.61 2.59 2.50 2.61 2.62 2.61 2.60 2.60 4.32 
Mountain 000 0 000000 
Pacific 2.73 2.72 2.77 2.31 2.73 2.74 2.72 2.78 2.81 4.51 
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Table 90. Estimated wheat, feed grain, and soybean prices at Seattle, 
New Orleans, and Houston for Models I, VII, and IX 
Crop Location Model 
VIII IX 
Wheat Seattle 
New Orleans 
Houston 
(dollar per ton) 
59.25 
63.04 
64.82 
63.13 
62.62 
64.72 
66.00 
62.47 
64.89 
Feed 
grain 
Seattle 
New Orleans 
Houston 
55.00 
51.76 
53.73 
55.36 
51.84 
53.80 
57.85 
51.13 
53.13 
Soybeans Seattle 
New Orleans 
Houston 
N.A. 
89.39 
86 .02  
92.70 
89.36 
85.85 
94.60 
89.37 
85.63 
IX at the Gulf ports are lower than at Seattle. However, the prices 
at Seattle may not be sufficiently greater than those at the Gulf to 
eliminate Seattle's potential advantage. 
The cost of ocean transportation for ships carrying 30,000 tons was 
reported by Conley to be $10.19 per ton between New Orleans and Japan 
and $6.84 per ton between Seattle and Japan (11). Conley also re­
ports the cost between Seattle and Japan falls to $5.17 per ton, when 
ships carry 80,000 tons of grain. The costs for the 30,000-ton ships 
imply grain should move through Seattle if its price at Seattle is no 
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more than $3.35 per ton higher than its Gulf price. If the 80,000-ton 
ships are used, the costs imply grain should move through Seattle if its 
price at Seattle is no more than $5.02 per ton higher than its Gulf 
price. 
A detailed comparison of prices in Table 90 and the differences 
in the ocean shipping costs suggest that 25 percent of the traditional 
share of wheat exports shipped through the Gulf may shift to Seattle if the 
wheat is destined to move across the Pacific Ocean. Similarly, at 
least 10 percent of the feed grain exported through the Gulf may shift 
to Seattle. The prices of Model IX suggest that a 25 percent shift of 
feed grain is unlikely unless ships larger than 80,000 tons with greater 
cost efficiencies are put into service. Finally, these prices and 
shipping costs imply that even a 10 percent shift of soybean exports 
away from the Gulf to Seattle is unlikely. 
Location of grain production 
The general patterns of grain production by model is described in 
this section. The general aspects of the distribution of grain production 
by model are discussed first. For this purpose, the 152 producing re­
gions were aggregated into ten territories. 
After the general aspects of the distribution of grain production 
are discussed, the individual pattern of grain production is considered. 
In this individual analysis, the analysis of idle land is discussed 
for only both Model I and X and comparative advantage in using land is 
discussed for only Model I because the regional changes in production 
pattern are relatively more significant than others. 
Analysis of the distribution of grain production by ten regions 
The territorial distribution of grain production is nearly constant for the 
first nine models. Model X requires a larger national production; as a 
result, the distribution of grain production shifts toward some of the 
territories where more land is available. However, the share of production 
contributed by the Lake States and Northern Plains actually declines. 
The percentage grown in the Corn Belt declines because relatively little 
additional land is available there. The territorial variation of wheat, 
feed grain, and soybeans is, in some instances, greater than it is for 
all grains because when the territorial production of one grain declines, 
frequently one of the other grains increases. 
. . I 
All grains As shown in Table 91, there are not many changes 
in the first nine models. EspeciaJiy.- the pprcentage distribution 
of grain production among ten territories for the first nine models 
does change in only four territories — Lake States, Corn Belt, 
Northern Plains and Southern Plains. The percentage share of grain 
production in Corn Belt accounts about 44 percent in the first nine 
models and 42.42 percent in Model X. The Northern Plains territory 
produces the second highest volume of grain production by accounting 
for nearly 23 percent of total grain production. Changes in terri­
torial production are interested when part of the export demand is 
shifted from the Gult to Seattle. For example, the percentage 
Table 91. The percentage distribution of the estimated grain production for 1980 among ten 
territories for ten models 
Model 
Region II III IV V VI VII VIII xi X 
Northeast 1.81 1.81 1.81 1.81 1.81 1.81 1.81 1.81 1.81 1.81 
Lake States 10.43 10.43 10.43 10.46 10.43 10.43 10.43 10.43 10.43 10.00 
Corn Belt 44.73 44.65 44.78 44.79 44.74 44.70 44.68 44.72 44.61 42.47 
Northern Plains 22.91 23.02 22.78 22.68 22.90 22.94 22.96 22.92 23.04 22.88 
Appalachian 1.93 1.93 1.93 1.93 1.93 1.93 1.93 1.93 1.93 2.64 
Southeast 2.21 2.21 2.21 2.21 2.21 2,21 2.21 2.21 2.21 2.21 
Delta States 2.60 2.60 2.60 2.60 2.60 2.60 2.60 2.60 2.60 2.71 
Southern Plains 7.92 7.92 7.99 8.03 7.92 7.92 7.92 7.92 7.92 8.62 
Mountain 3.59 3.59 3.59 3.59 3.59 3.59 3.59 3.59 3.59 4.20 
Pacific 1.87 1.87 1.87 1.87 1.87 1.87 1.87 1.87 1.87 1.89 
Total 100.OC 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 
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share of grain production in Corn Belt declines, and that in the 
Northern Plains are increased when 10 and 25 percent export level of 
grain are shifted from Gulf to Seattle. 
Wheat The percentage distribution of grain production for the 
first nine models changes in only three territories — Corn Belt, 
Northern Plains, and Southeast (Table 92). The total share of grain 
production in the Northern Plains, Southern Plains, and Mountain Terri­
tories accounts more than 72 percent — 44 in Northern Plains, 14 in 
Southern Plains, and 14 in Mountain Territories — through all ten models. 
The Corn Belt territory produces nearly 10 percent of total wheat 
production. The percentage wheat grown in the Northeast, Corn Belt, 
Northern Plains, Southern Plains and Pacific declines in Model X com­
pared with Model I, because relatively little additional land is available 
while that in the other territories increases. The location of wheat 
production is slightly changed in the Corn Belt, Northern Plains, and 
Southern Plains when transportation costs are changed. An increase in 
rail costs increases the share of wheat production in the Corn Belt and 
decreases that in the Northern Plains. When the level of export demand 
is changed, nothing is changed but Corn Belt and Northern Plains. The 
share of wheat production in Corn Belt is increased, while that in the 
Northern Plains is decreased. 
Feed grain The other territories except the Corn Belt, Northern 
Plains and Southern Plains do not affect at all on changes in transpor­
tation costs and export demand in the first nine models (Table 93). 
Table 92. The percentage distribution of the estimated wheat production for 1980 among ten 
territories for ten models 
Region Model 
II III IV V VI VII VIII IX 
Northeast 1.23 1.23 1.23 1.23 1.23 1.23 1.23 1.23 1.23 0.56 
Lake States 2.19 2.19 2.19 2.19 2.19 2.19 2.19 2.19 2.19 2.56 
Corn Belt 10.49 10.69 10.78 10.63 10.65 10.65 10.78 10.84 10.78 7.99 
Northern Plains 44.29 44.09 43.94 44.09 44.12 44.12 44.01 43.94 43.96 43.27 
Appalachian 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 2.93 
Southeast 0.42 0.42 0.46 0.46 0.42 0.42 0.42 0.42 0.42 2.33 
Delta States 0.07 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 1.40 
Southern Plains 14.55 14.55 14.55 14.55 14.55 14.55 14.55 14.55 14.55 13.77 
Mountain 14.54 14.54 14.54 14.54 14.54 14.54 14.54 14.54 14.54 15.45 
Pacific 10.69 10.69 10.69 10.69 10.69 10.69 10.69 10.69 10.69 9.75 
Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 
Table 93. The percentage distribution o:: the estimated feed grain production for 1980 among ten 
territories for ten models 
Region Model 
II III IV V VI VII VIII IX 
Northeast 2.08 2.08 2.08 2.08 2.08 2.08 2.08 2.08 2.08 2.52 
Lake States 12.36 12.36 12.36 12.36 12.36 12.36 12.36 12.36 12.36 11.81 
Corn Belt 52.11 52.04 52.08 52.11 52.11 52.11 52.01 52.06 51.92 50.65 
Northern Plains 20.68 20.75 20.48 20.31 20.68 20.68 20.77 20.72 20.88 20.08 
Appalachian 1.49 1.49 1.49 1.49 1.49 1.49 1.49 1.49 1.49 1.73 
Southeast 1.27 1.27 1.27 1.27 1.27 1.27 1.27 1.27 1.27 1.24 
Delta States 0.23 0.23 0,23 0.23 0.23 0.23 0.23 0.23 0.23 0.38 
Southern Plains 6-92 6.91 7.14 7.24 6.92 6.92 6.92 6.92 6.92 8.01 
Mountain 2,29 2.29 2.29 2.29 2.29 2.29 2.29 2.29 2.29 2.88 
Pacific 0.58 0.58 0.58 0.58 0.58 0.58 0.58 0.58 0.58 0.70 
Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 
UJ 
N) 
a\ 
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The share of feed grain production in Corn Belt accounts nearly for 52 
percent through all ten models and the Northern Plains produces more 
than 20 percent of the total feed grain production in ten models. The 
increases in transportation costs affect much less on the distribution 
of feed grain production than wheat production. An increase in export 
level in Seattle increases the share of feed grain production in the 
Northern Plains and decreases in the Corn Belt. In Model X, per­
centage feed grain grown in the Lake States, Corn Belt, Northern Plains 
declines because relatively little additional land is available there. 
Soybeans Soybean production as well as other grain is also 
squeezed in the Corn Belt, Delta States, and Northern Plains as shown in 
Table 94. The Mountain and Pacific territories do not produce soybean at 
all. When the transportation costs are changed, the changes in the distri­
bution of grain production are more sensitive than other grain because 
most soybeans produced in the Corn Belt, Northern Plains, and 
Delta States are shipped to Gulf by barge or rail, depending on its cost. 
For example, the increase in rail cost by 10 and 25 percent increases per­
centage share of soybeans and the increase in water transportation costs 
decreases it. When the level of soybean export is increased by 25 per­
cent (Model X), the percentage share of soybeans in the Corn Belt and 
Delta States declines because relatively little additional land is 
available here. 
Cotton The distribution of cotton production among ten terri­
tories is constant through ten models. Most cotton is produced in the 
Table 94. The percentage distribution of the estimated soybean production for 1980 among ten 
territories for ten models 
Region Model 
II III IV V VI VII VIII IX 
Northeast 1.14 1.14 1.14 1.14 1.14 1.14 1.14 1.14 1.14 1.60 
Lake States 9.02 9.02 9.02 9.26 9.02 9.02 9.02 9.02 9.02 9.16 
Corn Belt 41.78 41.40 41.93 41.97 41.69 41.42 41.62 41.61 41.60 39.34 
Northern Plains 14.49 14.87 14.87 14.87 14.58 14.85 14.65 14.67 14.67 16.87 
Appalachian 4.63 4.63 4.63 4.57 4.63 4.63 4.63 4.63 4.63 5.92 
Southeast 7.79 7.79 7.79 7.79 7.79 7.79 7.79 7.79 7.79 7.52 
Delta States 14.50 14.50 14.50 14.50 14.50 14.50 14.50 14.50 14.50 12.85 
Southern Plains 6.66 6.66 6.13 5.90 6.66 6.66 6.66 6.66 6.66 6.74 
Mountain 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pacific 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 
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Southeast, Delta States and Southern Plains. 
Analysis of individual distribution of grain production 
Model I The locations of wheat, feed grain, soybeans, and 
cotton production in Model I (single-car) are shown with more detail in 
Figures 92-95. The quantities of grain production in each producing 
region are presented in Tables 109 and 110 in Appendix B. The distribution 
of each grain production is the same as what is mentioned in the previous 
section. Heavy wheat production takes place in the states in the Northern 
and Southern Plains. Most states in the Southeast, Iowa and Minnesota 
produce only a small quantity of wheat. In contrast, the production of 
feed grain and soybeans are concentrated in all states in the Corn Belt. 
The Delta States territory does not produce large quantities of feed grain 
but produces soybeans. The cotton production takes place in all states 
in the Southeast, Delta States, and Southern Plains, Especially some 
areas in Texas and areas near the southern Mississippi River produce a 
substantial amount of cotton. 
The unused land that was available for grain and cotton production 
in Model I is shown in Figure 96. The unused land is largely located in 
or near the Northern Plains, Southern Plains, Delta States, Southeast, 
and Appalachia. The Corn Belt does not have any unused land except the 
southern area of Missouri. Therefore, the percentage share of grain 
production in the Corn Belt declines when more production is required. The 
increases in grain production is available only in the areas which have 
unused land — the Northern Plains, Southern Plains, Delta States, 
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Southeast, and Appalachia. 
Figures 97, 98, 99 and 100 show- the comparative advantage in using 
land for grain production in Model I. If the models did not have upper 
and lower bounds in producing grain — wheat, feed grain, soybeans and 
cotton, the grain and cotton production would be much more specialized by 
producing region. Through Figures 97 to 100, the areas which have 
horizon lines indicate that model use upper bound in producing a 
particular crop and are interpreted to have comparative advantage in 
producing the particular crop. In contrast, the areas which have 
vertical lines indicate that the model use lower bounds in producing a 
particular grain and are interpreted to have comparative disadvantage in 
producing the particular crop. The areas which have broken lines indicate 
that the model has basic solution and are interpreted that this area is 
neither good enough to use upper bounds nor bad enough to use lower 
bounds in producing the particular crop. Therefore, the areas which have 
horizontal lines have the most advantage in using the particular land for 
the particular crop. For example, look at producing region 39 in 
Figures 97, 98, 99 and 100. This region has the most advantage in pro­
ducing feed grain, the second advantage in producing wheat, no advantage 
interpret that the wheat production in the region might be the same as 
I 
what the model has but the region produces much more feed grain and much 
less soybeans than what the model has if the model does not have bounds 
for grain production. All producing regions in the Delta States and 
Areas producing wheat at upper bounds 
Areas producing wheat at lower bounds 
Areas producing wheat between upper and lower bounds 
Figure 97. Locations of comparative advantages in wheat production in Model 
I 
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Southeast have a comparative disadvantage in producing wheat, feed grain 
and cotton except producing region 56 and 60 for wheat, region 60 for 
feed grain and regions 27, 29, 30 and 34 in cotton. Through the United 
States, the cotton production cannot compete with the production of 
other crops in view point of economic profit because most cotton producing 
regions have a disadvantage in producing cotton and an advantage in 
producing other crops. Most producing regions in the Corn Belt region 
have a comparative advantage in producing feed grain rather than wheat 
and soybeans. Most producing regions in the Southeast and Delta 
States have a comparative advantage in producing soybeans rather than 
other crops. 
Model II The distribution of grain production under a 50-car 
rail system is the same as that in Model I except in producing regions 
38, 65, 79, 99, 103 and 122. 
1. Wheat production is increased in regions 65 and 99 and is 
decreased in region 103. 
2. Feed grain production is increased in region 79 and is de­
creased in regions 65 and 122. 
3. Region 103 produces mere soybeans and region 38 produces less 
soybeans. 
The changes are shown in Figure 101. 
Model III A 10 percent increase in rail single-car cost does 
affect relatively more on the distribution of grain in Model III than in 
Model II. 
Area 
%' Area 
= Area 
lit Area 
nil Area 
] ! ': ! Area 
• Figure 
increases wheat production 
decreases wheat production 
increases feed grain production 
decreases feed grain production 
increases soybean production 
decreases soybean production 
101. Changes in the location cf grain production between Model I and Model II 
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1. Wheat production is increased in regions 14, 36, and 65 and 
is decreased in region 103. 
2. The feed grain production is increased in regions 53, 79, 102, 
and 114 and is decreased in region 81. 
3. Regions 38 and 103 produce more soybeans and regions 53 and 
114 produce less soybeans. 
The changes are shown in Figure 102. 
Model IV When rail single-car cost is increased 20 percent, the 
distribution of grain production is the same as that in Model III except 
for regions 78, 99, 102, and 109. 
1. Regions 78 and 99 are added for soybean and wheat production, 
respectively. 
2. Feed grain production is increased in region 109 instead of 
region 102. 
The changes are shown in Figure 103. 
Model V The distribution of grain production under a 10 percent 
increase in waterway transportation costs is the same as that in Model 
I except in producing regions 38, 53, 65, and 103. 
1. Wheat production is increased in region 65 and is decreased 
in region 103. 
2. Feed grain production is increased in region 53 and is decreased 
in region 65. 
3. Soybean production is increased in regions 38 and 103 and de­
creased in region 53. 
Area Increases wheat production 
Area decreases wheat production 
= Area increases feed grain production 
Area decreases feed grain production 
Area increases soybean production 
Area decreases soybean production 
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The changes are shown in Figure 104. 
Model VI When waterway transportation cost is increased 20 per­
cent, the distribution of grain production is the same as that in Model 
V except in region 99. 
1. Region 99 is added for wheat production. 
The changes are shown in Figure 105. 
Model VII The distribution of grain production under changes 
in cost structure — 10 percent decrease in variable coefficient and 50 
percent increase in constant coefficient — is the same as that in Model 
I except producing regions 38, 65, 79, and 103. 
1. The changes in wheat production are the same as that in 
Model VI. 
2. Feed grain production is increased in region 79 and is decreased 
ip rogion 65. 
3. Soybean production is increased in region 103 and decreased 
in region 38. 
The changes are shown in Figure 106. 
Model VTTT A change in export level for each grain from the 
Gulf to Seattle by 10 percent affects relatively more in the distribution 
of grain production than that under alternative changes in waterway trans­
portation cost (Models V and VI). 
1. The change in wheat production is the same as those in Model 
VI. 
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2. Feed grain production is increased in regions 53, 79, and 102 
and is decreased in region 55. 
3. Soybean production is increased in region 103 and is de­
creased in regions 38 and 53. 
The changes are shown in Figure 107. 
Model IX The changes in this model are the same as that in 
Model VIII except producing regions 3, 53, 67, 101 and 102. 
1. Wheat production is increased in regions 31, 36, 65, and 71 and 
is decreased in region 103. 
2. Feed grain production is increased in region 79 and is decreased 
in regions 3, 65, 67, 101, and 122. 
3. Soybean production is increased in regions 67 and 103 and is 
decreased in region 38. 
The changes are shown in Figure 108. 
Model X The 25 percent increase in grain export affects 
largely on the distribution of grain production. So a more detailed 
analysis is presented for Mcdel X. The changes in distribution of wheat, 
feed grain and soybean production are presented in Figures 109-111. 
The additional grain production is available only in areas where unused 
available land exists. Thus, most additional grain production takes place 
largely in the Southeast, Appalachia, and Northern Plains to satisfy the 
increased export demand. Not many additional crops are produced in the 
Corn Belt because there is not much unused land available. The changes 
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Area decreases wheat production 
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Area decreases feed grain production 
nil Area increases soybean production 
Area decreases soybean production 
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in the distribution of grain production are summarized in the following; 
1. Most additional production of wheat is concentrated on the 
Southeast and Northern Plains. 
2. The production pattern of wheat and soybeans is similar to each 
other except that additional wheat production in Alabama and 
Tennessee (not soybean and feed grain). 
3. No additional soybean production exists in the western states. 
Additional soybean production is spread across the eastern and 
midwestern states. 
The unused land that was available for grain and cotton production 
in Model X is 4,330 thousand acres and is shown in Figure 112. Most 
unused land in the Northern Plains and Southern Plains is used for 
additional grain production. Thus, the unused land is largely located 
in or near the Southeast and Appalachia, and a little bit in the 
Northern Plains and Southern Plains. 
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CHAPTER V. SUMMARY AND CONCLUSION 
Summary 
The general objective of the study is the analysis of the changes in 
regional grain production patterns and interregional grain movements via 
various transportation modes when transportation costs and demand are 
changed. 
The basic methodology used in the study is ten large scale inter­
regional linear programming models. Each model has 152 producing regions 
and 78 consuming regions. The transportation modes used in shipping grain 
are truck, rail, water, and combinations of them. To include water 
transportation in the model, 58 water access points were selected in the 
Mississippi River system, 3 in the Great Lakes, and 7 in the Columbia-
Snake Rivers. The objective function used in the model is to minimize 
production costs of 478 production activities and transportation costs 
of 47,000 transportation activities. A set of basic grain transporta­
tion costs for each mode and production costs for each grain in each of 
the 152 producing regions are estimated for the year 1972 and a set of 
grain demands in each of the 78 consuming regions and production yields 
for crops in each producing region are projected for the year 1980. The 
constraints included in the model are land in each producing region, de­
mand for grain in each consuming region and balance constraints. Since 
balance constraints have zero value, the total projected production of 
grain equals the total estimated grain consumption for 1980. 
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The results obtained from the ten models are summarized as follows: 
Grain production and sale 
Grain production for 1980 with a basic level of exports is 323,329 
thousand tons in Models I through IX, which is 11.4 percent higher than 
that in 1972. Model X with 25 percent more exports than the other nine 
models has production of 344,178 thousand tons of grain which is 18.6 
percent higher than that in 1972. A total of available unused land is 
about 28 million acres and its distribution is largely concentrated in 
the Northern Plains and Appalachian territories in Models I through IX. 
In Model X, there are only 4 million acres of unused land available and 
this unused land is largely distributed in the Appalachian territory. 
The variations of national production costs and grain production 
patterns in Models I through IX are small. Model IX has the lowest 
production cost and is only 0.03 percent lower than the highest production 
cost in the first nine models. 
There are not many interregional changes among the 152 regions in the 
distribution of grain production resulting from the various transportation 
cost structures. In Models I through IX, a few producing regions changed 
models are small except Model X has a 40 percent higher price than the 
other models. But the variations between producing regions are large. 
Thus, it is obvious that the location of grain production depends 
upon yields, production costs, and transportation activities. But it 
mainly depends upon only yields and production costs. In general, the 
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interregional allocation of grain production and land use is insensitive 
to transportation costs. 
Grain sales from farms are projected to increase from 201,472 thou­
sand tons in 1972 to 233,229 thousand tons in 1980 under the basic level 
of exports (Models I through IX) and to 253,509 thousand tons under a 
higher level of exports (Model X). In Model I the total amount of grain 
transported interregionally is 153,976 thousand tons — 75.8 percent 
shipped by rail, 19.7 percent by waterway, and 4.5 percent by truck-
Rail is the major transportation mode in shipping grains in view of the 
quantities shipped interregionally. 
Thus, given the shortage of rail equipment in 1972, the effective 
capacity of rail transportation needs to expand more rapidly than grain 
sales if the demand and supply of equipment to haul grain by rail is to 
be in equilibrium by 1980. However, an expansion in use of multiple rail 
car bhipilieilùb uuulu dll<ivj.âLê Lllê I.àll Câi" cCJiiipmciVL. ôhûZtâyc by IH 
creasing the supply of cars due to a faster turn-around time. 
Grain transportation 
More detailed results for grain transportation than for grain produc­
tion were obtained from the models with alternative ii'ânspoïtâtion costs 
and export demand structures. Unlike grain production and sale, the dif­
ferences in transportation activities between models are significant and 
provide some information for use by producers, by decision-makers in the 
grain industry, and by government policy makers. 
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A transportation system with single-car rail units (Model I) 
Model I is developed as a base model with grain demand and yields pro­
jected for 1980 and production and transportation costs estimated for 1972. 
It assumes the United States in 1980 will have a population of 227 million 
and eacports of 22.4 million tons of wheat, 31.2 million tons of soybeans, 
and 27.5 million tons of corn equivalent feed grains. The total national 
transportation cost in shipping 153,996 thousand tons of grain is 1,127 
million dollars and accounts for 8 percent of total production and 
transportation costs. Grain traffic is a total of 124,623 million ton-
miles. 
A transportation system with 50-^ar rail units (Model II) Model 
II uses a 50-car rail transportation system to represent a network with 
large volume multiple-car rail shipments. Rail movements made in con­
junction with barges, and all other variables and conditions are the 
same as in Model I. Use of a rail system of SO^car shipments reduces 
national transportation costs by 68 million dollars compared to the single-
car rail system (Model). In addition, multiple-car shipments reduce the 
rail equipment necessary to haul a given quantity of grain and provide a 
means of avoiding additional transportation costs by the nonoptimal mode 
when the single-car system would result in a rail car shortage. Many 
waterway movements in shipping grain are replaced by rail transportation 
with 50-car rail units. Grain traffic in Model II is 121,601 million 
ton-miles which is 2.5 percent less than that in Model I, but rail traffic 
is increased in this model. 
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A multiple-car rail system is more efficient than a single-car rail 
system in view of the transportation costs and optimal use of rail trans­
portation equipment. 
A transportation system with alternative transportation costs 
(Models III, IV, V and VI) Rail costs in Model III are 10 percent 
greater than in Model I and in Model IV they are 20 percent greater than 
in Model I. All other variables and relationships in Models III and IV 
are the same as in the basic model. Models V and VI are the same as 
Model I except all barge costs are increased 10 percent in Model V and 20 
percent in Model VI. The sensitivity of water transportation demand to 
its cost increase is higher than that of rail transportation, because rail 
competes with only truck on land where water movements are not available, 
but water transportation competes with both rail and truck. The estimated 
price elasticity of rail transportation is lower than that of water trans­
portation. The demand for rail transportation in shipping grain is 
inelastic. 
Water and rail transportation are substitutable and compete with 
each other in the Mississippi, Columbia-Snake, and Great Lakes water 
âysfcéiïis. Since Lhe coefficients of cross elasticities of rail trans­
portation for water is larger than those of water transportation for 
rail, rail transportation is more sensitive to water transportation 
costs in shipping grain and vis-a-vis. 
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A transportation system with alternate single-car rail costs 
(Model VII) The alternate single-car rail costs are computed as a 
10 percent decrease in that part of the rail costs of the single-car 
rail system (Model I) which depend on distance and a 50 percent increase 
in those rail costs that are not a function of distance. All other 
variables and conditions in Model VII are the same as in Model I. 
This change has the effect of raising the cost of short rail hauls and 
lowering the cost of longer hauls, which is similar to the pattern of 
rail rates. In short distance movements, many rail movements are re­
placed by truck. Average distances between grain loading and unloading 
points for truck increased from 32 miles in Model I to 68 miles in 
Model VII. The quantity hauled by water under the alternate single-car 
rail cost structure compared with Model I increases by 210 thousand 
tons but water traffic declines from 37,389 million ton-miles in Model 
I to 34,770 million ton-miles in Model VII because long distance water 
movements are replaced by rail with the new rail cùs'c Structure. In 
Model VII the quantity hauled by rail decreases 0.2 percent but grain 
traffic by rail increases 0.5 percent compared to Model I. The truck 
and barge industries are better off in this model than in Model I in 
view of the quantity shipped, The truck and rail industries are better 
off in view of the grain traffic. 
The total national production and transportation costs in Model 
VII are 14,128 million dollars which is a little higher than that in 
Model I. Total grain traffic is 123,598 ton-miles which is 0.8 percent 
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less than in Model I. Thus, the conclusion is reached that the new 
rail cost structure in Model VII provides for a more efficient grain 
transportation system than in Model I. 
A shift in the demand for exports from the Gulf to the Northwest 
ports (Models VIII and IX) Models VIII and IX are designed to 
analyze the redistribution of the traditional demand for exports among 
the ports at the Gulf and the Northwest Coast. Models VIII and IX 
are the same as the base model (Model I) except for the reassignment 
of 10 percent of the Gulf export demand to Seattle in Model VIII and 
for the reassignment of 25 percent in Model IX. When 10 percent of the 
exports are reassigned, total national production and transportation 
costs increase by 13 million dollars compared with Model I. Similarly, 
total national production and transportation costs increase by 42 million 
dollars when 25 percent of the exports are reassigned. When ocean 
shipping costs to Japan from the Gulf and Seattle are compared with 
price differentials at the ports of export, 25 percent of the wheat, 
more than 10 percent of the feed grain, and less than 10 percent of 
the soybeans exported from the Gulf should be reassigned to Seattle if 
ships carrying 80,000 tons are used. If very large ships of 150,000 
to 200,000 tons are developed, then the savings in ocean shipping costs 
would justify reassigning even more of the exports. If multiple-car 
shipments are put into operation hauling grain to the Northwest ports, 
more grain under a least cost optimizing system would be exported from 
Seattle for destinations across the Pacific. The reassignment of ex-
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ports from the Gulf to Seattle results in a substantial increase in the 
share of the traffic carried by rail. The ton-miles of rail traffic 
increases 5 percent for a 10 percent export demand shift and 6 percent 
for a 25 percent shift. The grain traffic in Model IX is the smallest 
among the ten models. This amount of grain traffic saving resulted 
from the redistribution of grain production in this model. The Northern 
Plains has a geographical advantage for shipping to the Northwest 
ports. The Corn Belt does not lose its comparative advantage in pro­
duction but uses more of its production to satisfy domestic demands 
rather than export demands. The production costs in Model IX is a 
little less than in Model I. 
An increase in grain export (Model X) Model X is the same as 
the base model except for a 25 percent increase in the exports of all 
grains. Increasing exports 25 percent increases the ton-miles of grain 
traffic 8,3 percent, transportation costs S.7 psrcsnt, and production 
costs 10.7 percent, while grain production in this model needs to 
increase only 6.4 percent more than in Model I. 
Conclusion 
An analysis of the results obtained from the 10 linear programming 
models gives the following conclusions: 
1. The location of grain production and unused land among the 152 
regions are essentially constant for the given changes in transportation 
costs and the given reassignment of export demands. However, these 
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variations in transportation costs and export demands do create sub­
stantial changes in the quantities and directions of interregional flows 
of grain. The locations of grain production and unused land are changed 
when a higher level of grain production is required. 
2. The variations in grain prices between models are small, while 
those between the producing regions are large. This indicates that the 
optimal location of grain production largely depends upon the yields and 
production costs, not transportation activities and regional demands. 
3. Grain sales from farms are estimated to increase 15 percent 
with the basic level of exports and 26 percent a higher level of ex­
ports between 1972 and 1980. The demand for grain transportation in 
1980 will grow as fast as grain sales. Truck transportation is limited 
to short distances and small quantities and water transportation is 
available in the three river systems. Thus, the effective capacity of 
rail transportation needs to expand more rapidly than the grain sales 
because of the shortage of rail equipment already existing in 1972. 
4. Using a rail system with 50-car units for grain shipments 
generates a transportation cost saving of $68 million compared to a 
system with single-car units. In addition, the 50-car rail system 
would also increase the effective capacity of the existing fleet of 
rail cars due to the faster turn-around times. The single-car rail 
system should be replaced by the multiple^car rail system to save 
transportation costs and to increase the grain hauling capacity by 
rail. 
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5. The rail industry monopolizes grain shipments in the regions 
where waterway movements of grain are not available but in regions close 
to rivers rail is not competitive with water for moving grain. Es­
pecially, in the Mississippi River system, rail is not competitive with 
water for moving grain produced in the Corn Belt to the Gulf if the 
production occurred near the Mississippi River system. When there is 
a shortage of rail equipment, the substitution of truck-barge movements 
to the Gulf should be coordinated so that the combined truck-barge 
method substitutes for those shipments where rail has the least compara­
tive cost advantage. 
6. An alternate rail cost structure which is similar to the rail 
rate structure makes the grain industry better off in shipping or 
receiving grain than a single^ car rail cost structure does. In the 
short distances many rail-barge movements are replaced by truck-barge 
movements and in long distances, movements of Qrain by water are 
replaced by rail. This alternate single car rail cost structure de­
creases a shortage of rail cars that the grain industry faces by using 
more truck and water transportations. 
7. Reassignment of export demand from the Gulf to Seattle makes 
the grain industry better off in view of transportation costs and de-
congestion of grain traffic. 
8. The higher level of grain production to satisfy a 25 percent 
increase in export demands is less efficient in view of grain production 
and distribution. 
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Table 95. Estimated production costs of wheat, feed grain, soy­
beans, and cotton in each producing region in 1980 
VJheat Feed grain Soybean Cotton 
region 
(dollars per acre) 
1 65.19 75.39 87.07 0.00 
2 72.22 115.02 95.53 0.00 
3 72.43 108.21 67.92 0.00 
4 77.84 108.46 67.32 0.00 
5 94.52 116.26 62.73 0.00 
6 90.22 113.35 62,05 120.69 
7 101.10 139.70 69.86 .184.25 
8 107.75 124.59 76.77 186.80 
9 99.18 111.03 73.50 181.11 
10 100.02 128.25 70.06 171,23 
11 95.00 114.29 62.91 260.23 
12 89.34 106.84 54.67 217.64 
13 76.18 97.39 63.28 245.14 
14 81.36 96.78 63.72 227.32 
15 86.54 99.41 53.60 243.05 
16 100.51 97.78 67.32 171.82 
17 90.16 93.75 66.09 265.10 
18 103.94 103.01 87.04 284.28 
19 77.61 82.69 55.86 195.39 
20 67.86 86.65 56,53 202.12 
21 0.00 81.93 56.11 222.96 
22 75.55 85.79 59.07 161.28 
23 81.78 90.82 55,00 205,92 
24 84.28 84.64 65.84 211.55 
25 78.40 86.76 54.48 164.24 
26 79.04 87.54 66.04 168,51 
27 51.10 99.16 46.18 126,82 
28 75.23 137.20 71.60 159,41 
29 74.67 132.39 64.99 164,50 
30 50.41 92.95 57.45 116,60 
31 45.10 74.30 57.42 218.09 
32 64.88 88.84 64.64 156.00 
33 86.42 139.68 80.71 0.00 
34 75.72 103.34 72.70 158,14 
35 87.87 111.14 102.89 0,00 
36 54.61 92.42 73.87 0,00 
37 54.86 86.50 76.93 0.00 
38 57.92 83.30 75.41 0.00 
39 49.03 75.69 58.56 0,00 
40 69.31 110.94 67.05 0.00 
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Table 95 (Continued) 
Wheat Feed grain Soybean Cotton 
region 
(dollars per acre) 
41 70.08 106.20 62.44 0.00 
42 61.04 95.56 55.12 0.00 
43 67.05 99.75 57.35 0.00 
44 69.89 97.59 60.38 0.00 
45 61.12 76.86 62.01 0.00 
46 60.76 71.23 58.99 0.00 
47 53.02 57.65 65.45 0.00 
48 50.73 68.95 62.11 0.00 
49 52.55 77.12 62.69 0.00 
50 61.48 87.72 59.78 0.00 
51 59.89 88.19 55.56 0.00 
52 56.21 82.68 51.70 0.00 
53 55.29 80.05 53.44 0.00 
54 57.07 83.98 55.84 0.00 
55 62.83 93.44 57.28 0.00 
56 46.44 62.46 50.29 210.40 
57 44.74 94.63 66.46 242.31 
58 63.56 91.91 59.99 252.95 
59 57.98 86.29 56.20 247.48 
60 46.98 58.19 51.86 177.82 
61 46.26 76.44 62.04 149.91 
62 50.94 66.97 61.33 179.79 
63 56.55 89.97 62.52 159.64 
64 59.96 81.70 64.60 0.00 
65 53.50 HV .  àà  56.04 0.00 
66 46.07 73.45 54.93 0.00 
67 43.54 74.34 55.39 0.00 
68 42.29 68.82 56.93 0.00 
69 46.78 73.20 55.55 0.00 
70 47.83 73.23 56.28 0.00 
71 48.16 76.06 55.19 0.00 
72 42.06 70.63 55.05 0.00 
73 53.56 67.14 43.29 0.00 
74 50.31 71 = 95 46.40 0.00 
75 54.36 74.73 51.49 0.00 
76 57.32 58.57 58.95 0.00 
77 49.77 61.93 41.31 0.00 
78 54.25 54.97 45.57 0.00 
79 41.72 40.52 49.88 0.00 
80 42.52 40.94 55.32 0.00 
81 39.35 37.66 52.81 0.00 
82 35.90 30.10 0.00 0.00 
83 46.76 42.29 0.00 0.00 
84 37.08 41.97 36.06 0.00 
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Table 95 (Continued) 
 ^ Wheat Feed grain Soybean Cotton 
region 
(dollars per acre) 
85 44.47 51.32 59.15 0.00 
86 40.15 45.86 41.13 0.00 
87 40.71 50.56 41.04 0.00 
88 45.09 42.63 45.73 0.00 
89 42.81 53.31 41.25 0.00 
90 61.66 85.61 53.40 0.00 
91 42.98 59.50 0.00 0.00 
92 44.04 74.01 0.00 0.00 
93 40.86 93.77 50.96 0.00 
94 43.80 78.14 50.27 0.00 
95 54.40 81.93 48.61 0.00 
96 64.76 88.06 63.60 0.00 
97 64.10 83.76 62.79 0.00 
98 64.13 76.65 62.02 0.00 
99 64.52 72.66 62.53 0.00 
100 52.20 73.70 52.45 0.00 
101 56.07 66.79 54.67 0.00 
102 52.92 60.77 53.69 0.00 
103 43.22 56.65 43.77 0.00 
104 37.22 58.28 43.81 0.00 
105 49.66 58.85 48.83 120.11 
106 38.81 47.29 47.17 120.99 
107 36.44 56.30 0.00 126.83 
108 47.39 61.18 57.16 168.24 
47 10 £4.91 -19.93 155. 
110 44.66 67.25 51.12 160.14 
111 38.03 47.60 38.24 115.16 
112 48.56 83.38 57.50 195.77 
113 36.71 42.26 0.00 102.66 
114 42.00 60.47 56.38 137.68 
115 40.40 44.31 37.39 140.72 
116 43.20 47.60 0.00 115.70 
117 40.40 52.56 38.01 126.47 
118 3S. 98 51.39 38.24 145.85 
119 0.00 72.58 42.51 186.75 
120 0.00 102.16 82.29 296.54 
121 0.00 105.66 0.00 194.18 
122 40.24 51.22 0.00 156.67 
123 0.00 68.12 0.00 142.99 
124 32.74 59.80 0.00 177.22 
125 0.00 90.16 0.00 220.81 
126 78.35 70.91 0.00 174.07 
127 0.00 110.21 57.81 254.09 
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Table 95 (Continued) 
Producing wheat Feed grain Soybean Cotton 
region [ 
(dollars per acre) 
128 45.45 62.66 0.00 165.75 
129 49.88 73.43 0.00 140.01 
130 87.19 109.31 0.00 178.89 
131 39.57 70.11 0.00 0.00 
132 50.13 75.88 0.00 0.00 
133 37.70 55.90 0.00 0.00 
134 43.59 74.75 0.00 0.00 
135 43.89 53.63 0.00 0.00 
136 40.20 41.33 0.00 0.00 
137 31.61 31.36 0.00 0.00 
138 37.97 34.77 0.00 0.00 
139 42.72 43.43 0.00 0.00 
140 51.36 55.70 0.00 0.00 
141 49.58 82.62 0.00 0.00 
142 104.51 106.26 0.00 212.71 
143 93.57 99.60 0.00 253.59 
144 48.71 60.62 0.00 226.19 
145 60.17 59.74 0.00 0.00 
146 47.08 53.76 0.00 0.00 
147 50.63 44.23 0.00 0.00 
148 53.04 60.50 0.00 0.00 
149 52.01 56.68 0.00 0.00 
150 46.06 73,62 0.00 0.00 
151 48.16 76.06 55.19 0.00 
152 âA.I6 75.06 55. IS 0.00 
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Table 95. Estimated production yields of wheat, feed grain, and soy­
beans in each producing region in 1980 
Producing wheat Feed grain Soybeans Cotton 
region 
(tons per acre) 
1 1.178 1.598 0.676 0 
2 1.169 2.098 1.273 0 
3 1.161 1.998 1.268 0 
4 1.264 2.246 1.321 0 
5 1.411 1.909 0.987 0 
6 1.290 2.073 0.991 0.678 
7 1.540 2.057 1.239 0.909 
8 1.406 1.393 1.956 0.826 
9 1.359 1.441 0.956 0.865 
10 1.539 1.709 1.131 0.793 
11 1,254 1.518 1.449 0.814 
12 1.137 1.284 0.882 0.532 
13 0.736 1.489 0.891 0.774 
14 1.325 1.459 1.047 0.926 
15 1.164 1.193 0.942 0.677 
16 1.253 1.295 0.827 0.882 
17 1.127 1.224 1.265 0.798 
18 1.109 1.468 1.408 0.829 
19 1.184 1.229 0.925 1.217 
20 0.903 1.253 1.200 1.221 
21 0.963 0.951 0.987 0.929 
22 0.963 0.798 0.656 0.699 
23 0.921 0.893 0.519 0.740 
24 i.2i7 1.129 0.968 0.682 
25 1.133 1.068 0.982 1.017 
26 1.148 1.287 1.191 0.969 
27 0.718 1.198 1.012 1.150 
28 1.119 1.705 0.951 0.998 
29 1.343 1.745 1.114 1.291 
30 1.034 1.227 1.025 1.339 
31 0.800 1.339 1.019 1.237 
32 1.338 2.050 1.195 1.088 
33 1.256 1.788 1.090 Û 
34 1.195 1.716 1.242 1.206 
35 1.101 2.059 1.197 0 
36 0.920 2.333 1.024 0 
37 1.152 2.066 0.998 0 
38 1.306 2.027 1.114 0 
39 1.266 2.498 1.202 0 
40 1.363 2.839 1.265 0 
41 1.231 2.048 1.166 0 
42 1.232 2.609 1.066 0 
43 1.537 3.017 1.315 0 
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Table 96 (Continued) 
Wheat Feed grain Soybeans Cotton 
region 
(tons per acre) 
44 1.611 2.795 1.308 0 
45 1.344 2.053 1.020 0 
46 1.442 1.854 0.945 0 
47 0.955 1.157 0.859 0 
48 1.275 2.018 1.141 0 
49 1.127 2.259 0.991 0 
50 1.467 2.962 1.492 0 
51 1.554 3.155 1.547 0 
52 1.196 2.362 1.080 0 
53 1.217 2.023 1.097 0 
54 1.284 2.262 1.152 0 
55 1.457 2.871 1.442 0 
56 0.920 1.000 1.059 0.969 
57 0.596 1.079 1.203 1.293 
58 0.883 1.082 1.164 0.851 
59 0.806 1.097 0.816 1.000 
60 1.128 1.145 1.069 1.187 
61 1.119 1.142 0.978 1.187 
62 1.087 1.089 0.924 0.845 
63 1.285 2.079 1.122 1.172 
64 1.165 1.684 0.793 0 
65 1.316 2.198 1.251 0 
66 1.147 2.520 1.283 0 
67 1.084 2.226 1.220 0 
52 1.500 2.815 1.369 0 
69 1.349 2.787 1.495 0 
70 1.440 2.333 1.199 0 
71 1.564 2.908 1.468 0 
72 1.028 2.451 1.400 0 
73 1.237 2.221 1.042 0 
74 1.375 2.643 1.227 0 
75 1.159 2.237 1.069 0 
76 0.998 1.435 1.098 0 
77 0.964 1.94S 0.930 0 
78 0.964 1.162 0.723 0 
79 1.120 0.989 0.762 0 
80 1.193 1.148 0.673 0 
81 0.932 0.929 0.489 0 
82 0.874 0.798 0 0 
83 0.751 0.773 0 . 0 
84 0.758 1.228 0.766 0 
85 0.835 0.671 0.559 0 
86 0.726 0.892 0.551 0 
87 0.790 1.293 0.765 0 
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Table 96 (Continued) 
Wheat Feed grain Soybeans Cotton 
region 
(tons per acre) 
88 0.963 1.026 0.586 0 
89 0.829 1.678 0.999 0 
90 0.968 2.748 1.222 0 
91 1.019 0.985 0 0 
92 1.087 1.782 0 0 
93 0.896 3.046 1.411 0 
94 0.952 2.205 1.234 0 
95 0.987 3.090 1.175 0 
96 1.252 2.506 1.119 0 
97 1.242 2.156 1.052 0 
98 1.237 1.156 0.850 0 
99 1.249 1.787 0.896 0 
100 1.110 1.738 0.810 0 
101 1.216 1.437 0.613 0 
102 1.148 1.435 0.746 0 
103 0.908 1.359 0.764 0 
104 0.851 1.721 0.899 0 
105 1.159 1.255 0.552 0.795 
106 1.027 1.146 0.547 0 
107 0.810 1.078 0.770 0.952 
108 0.984 1.108 0.770 0.886 
109 1.051 1.281 1.053 0 
110 0.853 1.206 1.402 0.506 
111 0.984 1.123 G • G23 C. GQ o 
112 0.997 2.505 0.327 1.606 
113 0.802 0.797 0 0.667 
114 0.862 • 1.265 0.939 0.940 
115 0.761 0.610 1.262 0 = 463 
116 0.694 0.858 0 0.496 
117 1.024 1.306 0.658 0.621 
118 0.788 0.813 0.937 0.373 
119 0 1.333 0.591 0.703 
120 0 0.569 0.591 0.703 
121 0 1.353 0 0.710 
122 0.876 0.992 0 0.687 
123 0.560 1.708 0 0.760 
124 0 1.817 0 0.977 
125 0 1,891 0 1.090 
126 0.694 1.586 0 0.665 
127 0 2.156 1.438 1.785 
128 0.411 0.940 0 0.702 
129 0.673 1.447 0 0.854 
130 1.003 1.554 0 1.255 
131 0.630 0.948 0 0 
387 
Table 96 (Continued) 
Wheat Feed grain Soybeans Cotton 
region 
(tons per acre) 
132 0.621 1.701 0 0 
133 0.784 0.963 0 0 
134 0.934 2.507 0 0 
135 0.815 0.910 0 0 
136 0.721 0.660 0 0 
137 0.694 0.921 0 0 
138 1.155 0.907 0 0 
139 1.031 1.019 0 0 
140 1.237 1.208 0 0 
141 0.920 1.434 0 0 
142 1.939 1.687 0 2.070 
143 2.483 0.835 0 2.530 
144 1.303 0.856 0 2.019 
145 1.809 0.784 0 0 
146 1.598 1.308 0 0 
147 1.595 1.296 0 0 
148 1.314 1.059 0 0 
149 1.169 1.065 0 0 
150 1.051 1.393 0 0 
151 1.278 2.833 1.377 0 
152 1.811 2.932 1.456 0 
ior 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
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Projected demand requirements for 1980 by consuming region 
Wheat Feed grain Soybeans 
period 1 period 2 period 1 period 2 
(thousand tons of feed unit) 
17.1 455.9 711.6 
7.4 193.5 344.1 
7.5 252.2 420.0 
8.0 228.4 338.8 
50.7 480.8 898.4 
685.6 563.8 963.1 
1051.3 583.5 1075.3 
644.8 2455.3 3660.5 361.4 472.6 
78.7 259.4 450.7 
414.8 740.5 1087.0 235.5 166.8 
355.9 540.4 1063.0 101.6 206.2 
13.3 153.6 281.0 
598.9 2016.4 3913.2 440.1 893.4 
66.0 550.8 1010.0 202.7 411.6 
188.4 2436.7 4091.6 583.0 1183.7 
81.9 482.1 777.9 
17.4 477.8 750.6 
14.6 236.6 455.1 16.7 33.8 
176.7 1646.1 3074.9 141.1 286.4 
37.7 989.2 1779.8 370.1 751.4 
307.3 725.8 1347.1 1657.2 3364.7 
224.3 984.7 1879.4 32.2 65.8 
529.3 553.6 1017.1 212.2 430.9 
297 • 3 *» A/T/T n 2410.S 179.'! 364.% 
297.8 1404.5 2518.7 628.8 1262.5 
462.8 1697.7 3005.6 110.3 224.0 
405.4 476.8 767.2 227.5 461.8 
2061.2 1256.6 2980.3 800.4 4142.3 
622.2 909.7 1437.4 
251.1 1732.9 3166.4 2040.7 4143.3 
695.4 2747.9 6843.5 857.5 3751.3 
48.7 2085.5 3998.5 
37.0 154. 3 200.5 
1574.5 313.5 2255.1 56.1 594.1 
3703.8 412.2 4927.7 788.9 1601.7 
178.9 527.6 1130.5 
35.3 184.8 337.4 
111.1 3187.4 6731.6 323.2 656.3 
17.2 168.9 465.5 
5.3 1942.2 4776.5 454.7 923,2 
1.4 752.0 1504.0 106.8 216.9 
162.9 1808.6 3500.7 573.9 1165.1 
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Table 97 (Continued) 
Consuming wheat Feed grain Soybeans 
region period 1 period 2 period 1 period 2 
(thousand tons of feed unit) 
43 107.2 2114.8 4212.9 376.6 764.7 
44 788.4 3981.5 7418.0 320.4 650.6 
45 60.2 564.5 993.9 
46 1801.1 1359.4 2263.9 417.7 848.1 
47 2117.6 2236.4 4015.5 384.7 781.1 
48 924.1 1889.3 3415.3 293.2 554.7 
49 48.3 1345.1 2415.9 453.6 920.9 
50 27.1 866.7 1514.2 
51 2.2 309.0 518.7 174.7 354.7 
52 530.4 402.9 715.5 44.9 91.2 
53 240.9 360.5 664.6 220.7 448.1 
54 511.2 625.2 1277.3 50.9 103.5 
55 9438.9 1605.2 2951.2 787.4 922.6 
56 157.7 766.4 1542.1 
57 52.2 609.9 1198.0 9.4 19.2 
58 96.9 836.3 1627.7 38.4 78.0 
59 10.7 223.4 419.8 
60 0.3 107.2 207.9 
61 40.2 640.9 1184.2 
62 2.1 48.4 90.9 
63 377.2 1462.8 2782.6 
64 472.9 464.9 854.9 
65 80.5 59.2 103.5 
66 142.5 168.4 252.1 
67 198.0 225.9 335.2 
68 247.2 83.4 129.4 
69 80.5 278.8 474.9 
70 1913.8 210.3 314.1 
71 5803.2 484.4 470.3 
72 115.4 1612.6 3281.0 74.0 150.2 
73 291.9 1862.5 3190.1 22.0 44.5 
74 84.0 137.5 82.5 
75 273.1 824.9 742.5 425.2 283.5 
76 1995.9 5582.5 9240.0 8079.7 11028.1 
77 126.1 770.0 247.5 
78 55.0 54.0 
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Table 98. Projected land requirements for 1980 by producing region 
Producing Producing 
region region 
(unit: thousand acres) 
1 702.0 42 1702.4 
2 2218.6 43 6896.1 
3 800.7 44 1417.0 
4 375.9 45 1755.4 
5 330.7 46 2349.1 
6 205.5 47 1018.6 
7 715.9 48 2354.5 
8 350.2 49 609.8 
9 450.2 50 6711.5 
10 2040.2 51 7156.4 
11 462.4 52 836.8 
12 201.1 53 1925.8 
13 131.1 54 1649.1 
14 2887.9 55 1894.6 
15 1710.7 56 2213.5 
16 347.1 57 1833.5 
17 594.3 58 145.1 
18 138.5 59 536.0 
19 873.9 60 3486,4 
20 237.2 61 594.0 
21 896.8 62 97.0 
22 332.0 63 943.2 
23 172-? bà 2253.4 
24 1018.5 65 5682.9 
25 1593.9 22 2369.5 
26 137.8 67 2231.4 
27 2223.9 68 2087.7 
28 1245.6 69 2425.6 
29 1228.0 70 3024.6 
30 291.3 71 1103.3 
31 1717.0 72 2744.8 
32 1695.8 73 3150.3 
33 1141.7 74 2153.6 
34 307,8 75 2376.6 
35 351.8 76 777.7 
36 596.3 77 3373.3 
37 416.9 78 1458.8 
38 1167.4 79 2577.3 
39 5883.6 80 2253.1 
40 971.3 81 6764.8 
41 360.2 82 2091.0 
Table 98 (Continued) 
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Producing 
region Land 
Producing 
region Land 
(unit: thousand acres) 
83 4506.2 125 936.8 
84 1124.0 126 146.0 
85 1577.7 127 282.3 
86 1747.9 128 50.2 
87 1245.5 129 509.6 
88 870.5 130 310.7 
89 3297.7 131 234.4 
90 3811.2 132 430.5 
91 338.0 133 2649.2 
92 1794.0 134 775.2 
93 1786.8 135 527.5 
94 1895.1 316 402.2 
95 4499.4 137 3659.3 
96 1377.0 138 2028.8 
97 1124.3 139 398.4 
98 987.4 140 1424.3 
99 1224.7 141 397.2 
100 1766.2 142 805.2 
101 1466.0 143 161.4 
102 2483.0 144 1704.1 
103 6083.5 145 361.0 
104 3701.6 146 363.6 
105 423.6 147 1000.7 
106 2476.2 148 1374.3 
107 2382.5 149 1413.5 
108 470.3 150 305.2 
109 218.1 151 1932.1 
110 164.0 152 2432.8 
111 2442.0 
112 3987.0 
113 4456.6 
114 3523.5 
115 508.4 
116 304.6 
117 3185.0 
118 275.1 
119 1140.5 
120 33.7 
121 81.8 
122 143.8 
123 687.0 
124 1789.4 
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APPENDIX B 
% 
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Table 99. Projected interregional flows and transportation costs in 
shipping wheat, feed grain, and soybeans from producing 
regions to consuming regions in Model I 
Production Consuming Quantity Transportation cost Water access 
region region shipped truck rail barge point 
(thousand/ton) (dollar per ton) 
20 17 8.03 
27 19 5.33 3.586 
29 75 63.82 8.518 
30 19 2.92 4.769 
32 75 38.90 9.547 
41 75 17.39 8.826 
51 26 89.04 5.680 
52 11 40.56 8.680 
56 76 26.73 4.502 
60 76 115.64 
66 29 14.27 7.412 
72 4 13.37 1.366 
73 29 10.19 7.648 
79 34 685.55 4.507 
80 7 883.11 
80 34 303.79 4.673 
81 6 447.88 15.500 
81 8 205.75 14.786 
81 28 242.32 10.205 
81 29 128.30 9.951 
81 35 2228.83 5.512 
82 1 16.26 18-829 
82 2 7.00 17.845 
82 4 6.24 17.254 
82 6 205.08 16.404 
82 10 184.47 15.512 
82 33 35.27 8.261 
82 34 510.26 6.467 
83 32 12.75 7.980 
83 35 900.12 6.142 
84 35 131.78 4.424 
85 28 299.62 10.442 
85 43 67.23 6.987 
86 9 51.16 11.167 
86 10 154.16 13.719 
86 74 80.04 13.050 
86 75 105.22 14.110 
87 35 61.15 4.265 
88 3 7.17 15.294 
88 5 48.29 13.549 
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Table 99 (Continued) 
Production Consuming Quantity Transportation cost Water access 
region region shipped truck rail barge point 
(thousand/ton) (dollar per ton) 
88 10 56.39 13.477 
89 9 23.82 10.383 
91 43 24.21 7.340 
92 13 166.51 13.763 
92 22 106.66 9.321 
92 23 469.87 10.913 
92 76 378.44 7.382 
95 28 127.61 8.426 
95 42 148.18 4.147 
98 14 13.72 9.938 
98 19 74.56 7.776 
99 13 17.54 11.598 
99 15 129.86 9.653 
99 16 54.17 10.884 
99 19 58.76 8.611 
99 50 17.94 6.516 
99 75 34.79 12.756 
101 11 250.87 12.801 
101 12 12.67 9.875 
101 13 224.17 11.921 
101 47 488.50 3.815 
102 55 2175.73 7.423 
1Û5 55 1694.60 r\ 1 r O • ! VU 
103 76 346.78 9.674 
105 17 8.56 10.249 
105 55 118.99 6.592 
106 55 1399.78 6.481 
107 55 1128.24 6.724 
108 55 189.46 6.052 
109 55 34.64 5.976 
110 55 17.80 5.124 
111 55 710.08 5.733 
112 54 284.38 5.110 
112 55 604.86 7.160 
113 55 719.00 5.740 
114 55 17.81 6.890 
115 55 131.65 5.352 
116 55 23.68 4.784 
129 77 62.50 7.944 
131 54 17.19 6.848 
131 60 0.29 4.745 
131 77 23.68 9.743 
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Table 99 (Continued) 
Production Consuming Quantity Transportation cost Water access 
region region shipped truck rail barge point 
(thousand/ton) (dollar per ton) 
132 54 41.62 6.897 
133 76 983.79 11.196 
134 54 15.99 8.504 
135 40 0.28 6.766 
135 76 49.36 8.754 3.454 7 
136 71 83.92 9.771 
137 27 179.72 13.412 
137 28 41.68 12.518 
137 31 218.96 10.556 
137 71 809.85 10=149 
138 71 1508.21 8.897 
139 70 73.07 9.248 
139 71 160.80 9.647 
140 71 384.48 8.202 
141 62 2.00 6.132 
142 59 8.90 5.499 
142 77 33.88 9.978 
145 71 24.98 6.944 
145 73 45.23 6.710 
146 71 140.06 5.524 
147 71 1161.55 4.371 
148 71 1252.19 5.127 
14 9 i.10 / . 4.41S 
150 70 262.09 4.082 
151 76 7.75 3.105 4.640 5 
Feed grain (period 1) 
36 75 46.93 7.977 
37 9 191.91 4.477 
39 6 572.01 8.737 
33 75 353.80 3.082 
40 13 376.75 7.745 
42 23 480.55 5.533 
49 5 234.19 11.671 
50 18 185.41 6.297 
50 51 313.08 5.373 
50 55 1452.42 6.740 
50 76 5655.66 4.849 
51 13 67.58 9.193 
51 15 2442.80 7.868 
396 
Table 99 (Continued) 
Production Consuming Quantity Transportation cost Water access 
region region shipped truck rail barge point 
(thousand/ton) (dollar per ton) 
51 22 381.49 5.241 
52 16 1.18 8.462 
52 17 478.15 9.354 
54 14 269.69 8.452 
55 75 425.50 10.338 
55 16 128.00 9.818 
63 20 682.66 6.164 
67 19 12.62 9.160 
68 12 156.18 8.447 
68 20 164.35 8.586 
70 1 464.94 15.452 
70 2 197.37 14.423 
70 3 257.16 13.839 
70 5 259.34 12.087 
70 8 793.03 12.148 
70 74 140.23 12.225 
72 4 231.98 14.101 
72 11 49.12 12.854 
74 7 599.44 10.505 
74 8 161.69 12.929 
74 9 74.37 10.005 
74 10 760.71 12.741 
74 33 161. <19 5.592 
79 34 347.63 5.215 
80 65 65.65 8.643 
81 64 180.87 12.065 
81 70 233.63 12.968 
81 71 538.13 13.373 
83 64 41.24 11.891 
84 39 183.80 7.013 
90 45 21.83 5.679 
90 63 279.26 5.684 
93 72 791.50 13.327 
95 49 1222.99 6.983 
95 50 891.97 8.071 
95 53 212.51 5.456 
95 54 575.65 7.213 
95 63 95.89 6.098 
95 72 725.22 14.028 
95 77 792.77 10.038 
95 78 56.625 14.579 
Table 99 (Continued) 
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Producing Consuming Quantity Transportation cost Water access 
region region shipped truck rail barge point 
(thousand/ton) (dollar per ton) 
104 59 161.60 6.688 
104 60 112.83 6.404 
104 73 1425.77 12.236 
112 61 257.69 8.622 
112 73 257.69 10.832 
129 73 283.75 10.392 
136 64 54.17 8.324 
139 64 162.04 7.798 
151 19 1084.11 9.881 
152 19 216.75 10.105 
Feed grain (period 2) 
35 75 195.17 7.926 
36 75 553.02 7.977 
39 6 977.19 8.737 
39 8 1034.89 7.988 
40 23 807.20 5.263 
41 15 262.14 6.102 
41 16 89.20 7.860 
43 31 550.70 8.455 
51 13 3384.56 9.193 
51 15 2211.23 7.878 
51 22 ISSS.G7 _<. 241 
52 17 751.21 9.354 
54 14 879.57 8.452 
55 16 690.90 9.818 
64 20 798.28 6.558 
66 62 50.25 13.220 
67 19 221.82 9.160 
68 12 285.72 8.447 
68 20 903.33 8.536 
68 21 7.19 2.429 
68 76 7.43 2.429 
70 1 725.75 15.452 
70 2 350.94 14.423 
70 3 429.32 13.839 
70 5 916.25 12.087 
70 74 84.14 12.225 
72 4 344.07 14.101 
72 11 871.07 12.854 
72 19 2871.62 10.505 
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Table 99 (Continued) 
Producing Consuming Quantity Transportation cost Water access 
region region shipped truck rail barge point 
(thousand/ton) (dollar per ton) 
72 62 41.92 14.285 
74 7 616.16 10.505 
74 9 463.05 10.006 
74 i l  1116.72 12.741 
75 33 301.89 6.592 
75 34 292.26 5.024 
75 76 1542.58 3.330 
79 34 835.58 5.215 
80 34 1354.25 5.246 
80 65 43.05 8.643 
81 70 348.89 12.968 
81 71 303.51 13.373 
82 64 215.07 10.968 
82 68 66.72 9.709 
82 69 - 100.95 10.760 
84 •39 25.01 7.013 
88 39 267.28 5.178 
90 45 1013.29 5.678 
93 72 2728.78 13.327 
94 63 1447.23 4.875 
95 50 463.56 8.071 
95 52 200.19 5.828 
95 53 80.70 5.456 
95 54 493.37 7.213 
95 61 704.89 12.485 
95 63 1053.56 6.098 
95 79 254.82 10.038 
95 78 56.63 14.579 
97 50 1072.76 6.344 
104 59 396.77 6.688 
104 60 218.66 6.404 
112 61 95.15 8.622 
112 73 2837.20 10.832 
137 71 218.93 10.191 
138 72 662.59 11.745 
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Table 99 (Continued) 
Producing Consuming Quantity Transportation cost Water access 
region region shipped truck rail barge point 
(thousand/ton) (dollar per ton) 
Soybeans (period 1) 
7 75 98.95 3.198 
11 75 229.08 5.183 
13 76 4.89 6.654 
15 10 195.57 6.378 
19 76 275.35 5.444 
20 76 131.94 
21 76 341.52 4.234 
22 76 56.07 4.582 
25 76 295.35 4.883 
26 23 58.30 3.780 
27 76 1013.25 3.860 
34 76 109.19 2.452 3.194 
40 27 154.33 5.614 
46 28 234.89 3.788 
47 31 6.19 4.673 
48 28 149.29 5.866 
54 76 659.29 2.779 
55 76 643.07 2.300 
56 76 367.76 4.052 
57 76 799.59 
58 76 89.86 
64 7h 1.91 .77 7.554 
70 31 446.48 4.770 
72 28 203.69 7.780 
72 30 12.83 5.616 
72 42 19.43 3.794 
73 30 383.03 5.802 
81 34 0.21 5.616 
85 72 0.14 13.815 
87 34 43.06 4.985 
93 72 53-29 13.276 
93 76 9.96 6.502 
99 53 35.44 4.383 
102 53 20.01 4.050 
106 53 0.60 3.614 
108 76 1.56 7.541 
110 76 88.70 6.564 
112 76 351.37 8.836 
114 55 530.71 6.890 
3.114 
3.454 
4.085 
2.476 
4.812 
7 
36 
3.454 
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Table 99 (Continued) 
Producing Consuming Quantity Transportation cost Water access 
region region shipped truck rail barge point 
(thousand/ton) (dollar per ton) 
117 
117 
127 
55 
76 
73 
76.70 
404.77 
15.83 
4.341 
6.703 
10.260 
Soybeans (period 2) 
1 10 0.93 5.733 
7 75 218.69 3.198 
11 10 31.12 6.106 
15 8 34.32 7.093 
17 10 79.40 6.363 
17 11 16.25 4.750 
17 23 184.62 4.167 
27 76 197.02 3.860 
33 23 31.69 4.395 
35 23 5.88 4.141 
36 27 50.26 4.558 
40 23 69.62 4.992 
41 76 156.62 1.926 4.019 33 
46 28 437.48 3.788 
49 76 3.26 2.192 4.877 4 
53 76 613.44 3.454 3.194 8 
59 76 106.81 5.373 
60 76 634.56 4.902 
63 76 408.05 2.478 3.454 7 
65 76 1694.00 4.168 3.454 8 
72 31 120.73 5.830 
72 42 150.68 3.794 
73 76 573.91 3.808 5.588 1 
75 76 527.79 2.516 5.588 
76 76 12.22 2.859 5.259 2 
79 34 60.24 4.507 
80 34 30.39 4.673 
84 34 299.99 4.694 
87 34 67.67 4.985 
87 76 209.38 4.265 5.588 1 
89 30 448.30 6.363 
90 76 798.82 5.893 3.454 7 
93 72 108.58 13.276 
94 76 113.12 6.807 3.454 7 
95 30 650.93 5.616 
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Table 99 (Continued) 
Producing Consuming Quantity Transportation cost Water access 
region region shipped truck rail barge point 
(thousand/ton) (dollar per ton) 
96 76 321.68 7.285 
101 53 7.59 4.736 
103 53 191.23 5.331 
108 76 773.20 9.674 
111 76 546.99 8.005 
114 55 115.51 6.890 
115 76 247.45 7.666 
127 55 108.64 7.271 
127 73 32.18 10.259 
151 76 7.75 3.105 4.640 
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Table 100. Changes in interregional flows and transportation costs in 
shipping wheat, feed grain, and soybeans from producing 
regions to consuming regions between Model II and Model I 
Producing Consuming Quantity Transportation cost Water access 
region region shipped truck rail barge point 
(thousand/ton) (dollar per ton) 
Wheat 
41 14 3.49 6.430 
41 75 2.72 3.389 
73 43 10.18 3.947 
79 29 138.38 8.514 
79 33 35.27 5.734 
80 7 199.21 11.309 
81^  6 447.88 15.500 
81^  29 128.30 9.951 
82^  33 35.27 8.261 
82^  34 510.26 6.467 
92^  76 378.44 7.382 3.454 7 
99^  13 17.54 11.598 
99^  75 34.79 12.756 
101^  11 250.87 12.801 
101* 13 224.17 11.921 
103* 55 1694.60 8.705 
137 70 73.073 9.031 
Feed arain (time period 1) 
37 8 191.91 6.671 
37* 9 191.91 4.477 
49* 5 234.19 11.671 
49 12 158.85 8.243 
50* 18 185.41 6,297 
50* 55 1452.42 6.740 
51* 13 67.58 9.193 
52* 16 1.18 S. 462 
55* 16 128.00 9.818 
68* 12 156.18 8.447 
72 19 230.65 9.906 
74* 7 599.44 10.505 
^Dropped flows in Model II, unmarked lines are the added flows in 
Model II. 
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Table 100 (Continued) 
Producing Consuming Quantity Transportation cost 
region region shipped truck rail barge 
Water access 
point 
(thousand/ton) (dollar per ton) 
74 
75 
136^  
151° 
152° 
9 74.37 10.005 
9 161.92 9.982 
64 54.17 8.324 
19 1084.11 9.881 
19 216.75 10.105 
Feed grain (time period 2) 
41^  16 89.20 7.860 
43^  31 550.70 8.455 
49 12 75.34 8.243 
64 49 748.34 4.844 
66^  62 50.25 13.220 
72^  11 871.07 12.854 
74 8 240.72 12.142 
74^  9 463.05 10.006 
75^  76 1542.57 3.330 
84^  39 25.01 7.013 
95 55 1476.02 8.499 
136 72 54.17 11.908 
Soybeans (period 1.) 
40 27 161.94 4.981 
47^  31 6.19 4.673 
48^  28 149.29 5.866 
58^  76 89.86 
72* 30 12.83 5.616 
89 28 153.99 7.920 
Soybeans (period 2) 
30 76 138.13 4,480 
48 27 149.29 6.145 
72 27 11.34 8.049 
4.81: 
404 
Table 101. Changes in interregional flows and transportation costs 
in shipping wheat, feed grain, and soybeans from producing 
regions to consuming regions between Model III and Model I 
Producing Consuming Quantity Transportation cost water access 
region region shipped truck rail barge point 
(thousand/ton) (dollar per ton) 
Wheat 
32 22 38.90 4.205 
32^  75 38.90 9.547 
56 19 26.73 4,928 
56^  76 26.73 4.502 
73 29 10.18 8.249 
80 33 35.27 6.951 
82^  33 35.27 8.261 
82^  34 510.26 6.467 
84 35 27.97 4.704 
86^  75 105.22 14.110 
87 76 61.15 4.528 
92^  13 166.51 13.763 
99 23 13.52 9.530 
99^  50 17.94 6.516 
103^  76 346.78 9.674 
105^  55 118.99 6.592 
105 76 118.99 2.649 
113 55 719.01 6.151 
115 54 17.81 5.473 
115^  55 131.65 5.352 
131^  77 23.68 9.743 
132 77 41.62 10.608 
133 50 17.94 9.937 
138 70 73.07 9.184 
139^  70 73.07 9.248 
142 73 33.88 7.323 
142^  77 33.88 9.978 
Feed grain (period 1) 
36^  75 46.93 7.977 
40^  13 376.75 7.745 
49^  5 234.19 11.671 
50 77 780.09 
51 19 132.93 7.894 
5.588 
5.154 53 
7.844 
^Dropped flows in Model III, unmarked lines are the added flows in 
Model III. 
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Table 101 (Continued) 
Producing Consuming Quantity Transportation cost Water access 
region region shipped truck rail barge point 
(thousand/ton) (dollar per ton) 
55^  16 128.00 9.818 
66 62 48.95 14.355 
68^  12 156.18 8.447 
68^  20 164.35 8.586 
72 19 84.19 11.367 
74^  8 161.69 12.929 
74 12 157.81 11.057 
80^  65 65.65 8.643 
81^  64 180.87 12.065 
82 70 215.07 12.852 
95 20 166.43 9.002 
95^  77 792.77 10.038 
138 71 266.59 9.594 
152^  19 216.75 10.105 
Feed grain (period 2) 
36 12 51.11 9.356 
39 11 282.83 8.815 
39 75 4.12 9.801 
41^  15 262.14 6.102 
42 23 C O  n o  5.910 
49 12 234.19 9.686 
51 17 227.83 11.413 
52 16 99.05 9.132 
55 20 315.01 7.477 
67^  19 221.82 9.160 
68^  12 285.72 8.447 
68^  20 903.33 8.536 
72^  62 41.92 14.285 
12 3 a So 11.059 
75^  34 292.26 5.024 
80a 65 43.05 8.643 
82 64 215.07 10.968 
80 34 1462.95 5.565 
84^  39 25.01 7.013 
90 65 100.02 7.287 
95 20 591.42 9.002 
138 64 396.00 8.000 
151 77 249.87 6.595 
Table 101 (Continued) 
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Producing Consuming Quantity Transportation cost Water access 
region region shipped truck rail barge point 
(thousand/ton) (dollar per ton) 
Soybeans (period 1) 
13 10 4.89 3.389 
13® 76 4.89 6.654 
35 23 5.88 4.392 
40^  27 154.33 5.614 
47® 31 6.19 4.673 
48® 28 149.29 5.866 
63 76 199.80 2.478 3.454 7 
72® 30 12.83 5.616 
99® 53 20.01 4.050 
99 76 35.44 5.816 3.454 7 
101 76 7.59 6.151 3.454 7 
Soybeans (period 2) 
27® 76 197.02 3.860 
33® 23 31.69 4.395 
35® 23 5.88 4.141 
40 25 103.94 3.258 
40 27 23.60 6.012 
47 31 6.19 4.978 
45 76 149.29 2.319 
89 28 32.53 9.231 
94 30 113.12 7.347 
94® 76 113.12 6.807 
101® 53 7.59 4.736 
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Table 102. Changes in interregional flows and transportation costs in 
shipping wheat, feed grain, and soybeans from producing 
regions to consuming regions between Model IV and Model I 
Producing Consuming Quantity Transportation cost 
region region shipped truck rail barge 
Water access 
point 
(thousand/tons) (dollar per ton) 
Wheat 
32 22 38.90 4.250 
32^  75 63.82 8,518 
41 9 17.39 1.926 
54 11 189.03 10.813 
56 19 26.73 5.228 
56^  76 26.73 4.502 
73 29 10.18 8.850 
79 7 337.58 
79 33 35.27 7.235 
81^  29 128.30 9.951 
82 7 545.53 
82^  10 184.47 15.512 
82^  33 35.27 8.261 
82^  34 510.26 6.467 
83 76 242.05 7.044 
84® 35 131.78 4.424 
84 76 131.78 4.983 
85 10 70.05 17.485 
86 8 8.19 15.351 
86® 75 105.22 14.110 
87 76 61.15 4.792 
92® 13 166.51 13.763 
92® 22 106.66 9.321 
92® 23 469.87 10.913 
98 17 8.56 12.780 
99 23 44.83 10.247 
99® 50 17.94 6.516 
101® 11 250.87 12.801 
101® 12 12.67 9.875 
103 11 61.83 16.173 
103 12 12.67 12.656 
103 23 425.04 11.809 
103 26 203.27 11.064 
105® 17 8.56 10.249 
105® 55 118.99 6.592 
4.991 33 
11.720 
14.070 
5.589 
^Dropped flows in Model IV, unmarked lines are the added flows in 
Model IV. 
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Table 102 (Continued) 
Producing Consuming Quantity Transportation cost 
region region shipped truck rail barge 
Water access 
point 
(thousand/tons ) (dollar per ton) 
105 76 127.56 2.650 
logf 55 32.64 5.976 
109 73 32.64 2.686 
112* 54 284.38 5.110 
115 54 131.65 3.332 
115* 55 131.65 5.352 
131* 54 17.19 6.848 
131 55 40.87 10.368 
131* 77 23.68 9.743 
132* 54 41.62 6.897 
132 77 42.62 11.423 
133 54 227.52 9.495 
134* 54 15.99 8.504 
135 43 49.36 9.347 
135* 76 49.36 8.754 
136 70 83.92 10.919 
136* 71 83.92 9.771 
138 
139* 
70 67.47 9.871 
71 160.80 9.649 
142 73 33.88 7.840 
142* 77 33.88 9.978 
5.153 
4.937 
53 
52 
3.454 
Feed grain (period 1) 
36 12 154.59 4.578 
36* 75 46.93 7.977 
40* 13 376.75 7.745 
41 15 351.35 6.971 
42* 23 480.55 5.533 
49* 5 234.19 11.671 
50 23 559.82 
50 77 780.09 7.844 
51* 13 69.58 9 • 198 
51 19 431.98 8.447 
52* 17 478.15 9.354 
66 62 48.95 15.490 
68* 12 156.18 8.447 
68* 20 164.35 8.586 
72 19 621.28 12.227 
74* 8 161.69 12.929 
74% 9 74.37 10.005 
80 65 65.65 8.643 
6.526 
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Table 102 (Continued) 
Producing Consuming Quantity Transportation cost Water access 
region region shipped truck rail barge . point 
(thousand/tons) (dollar per ton) 
81^  64 180.87 12.065 
81^  71 538.13 13.373 
82 70 215.07 13.831 
93^  72 791.50 13.327 
95 20 166.43 9.665 
95^  77 792.77 10.038 
138 71 538.27 10.296 
151* 19 1084.11 9.881 
152 19 216.75 10.105 
Feed grain (period 2) 
36 12 282.83 4.518 
39 11 737.85 9.444 
39 75 393.69 10.519 
40^  23 807.20 5.263 
41^  15 262.14 6.102 
41^  16 89.20 7.860 
52 15 1176.34 7.699 
52^  17 751.21 9.354 
53 16 556.52 9.831 
55 20 457.85 7-995 
67^  1,9 221.82 9.160 
68" 12 285.72 8.44/ 
68^  20 903.33 8.536 
72® 62 41.92 14.285 
74 8 161.69 15.112 
75® 34 292.26 5.024 
80® 65 54.05 8.643 
82® 64 215.07 10.968 
84® 39 25.01 7.013 
90 65 100.02 7.782 
93 64 362.26 10.1/3 
95 20 444.81 9.665 
95® 61 704.89 12.485 
95 72 179.16 16,489 
95® 77 254.82 10.038 
138 71 124.32 10.296 
138® 72 662.59 11.745 
151 55 76.40 3.818 
151 77 249.87 3.818 
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Table 102 (Continued) 
Producing Consuming Quantity Transportation cost Water access 
region region shipped truck rail barge point 
(thousand/tons) (dollar per ton) 
Soybeans (period 1) 
13 10 4.89 9.003 
13^  76 4.89 6.654 
35 23 5.88 4.642 
40^  27 154.33 5.614 
41 76 156.62 1.926 4.019 33 
47^  31 6.19 4.673 
48^  28 149.29 5.866 
48 76 149.29 2.381 4.528 36 
60 76 1.00 4.902 
63 76 408.05 2.478 3.454 7 
64^  76 191.79 7.554 
66 42 19.43 3.774 
70^  31 446.48 4.770 
72^  30 12.83 5.616 
72^  42 19.43 3.794 
73^  30 383.03 5.802 
93^  72 53.29 13.276 
99^  53 35.44 4.383 
99 76 35.44 6.197 3.454 7 
101 76 7.59 6.562 3.454 7 
115 55 95.91 6.096 
117" 76 404.77 6.703 
127 72 15.83 10.260 
Soybean (period 2) 
25 23 126.08 4.723 
33® 23 31.69 4.395 
35® 23 5.88 4.141 
40® 23 69.62 4.992 
40 25 200.36 3.258 
40 27 23.60 6.410 
41 76 156.62 1.926 4.019 33 
47 31 6.185 5.282 
63® 76 408.05 2.478 3.454 7 
66 42 160.68 3.774 
70 76 446.48 3.221 5.020 
72® 42 160.68 3.794 
94 30 113.12 7.866 
94® 76 113.12 6.807 3.454 7 
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Table 102 (Continued) 
Producing Consuming Quantity Transportation cost 
region region shipped truck rail barge 
Water access 
point 
(thousand/tons) (dollar per ton) 
101 
103 
127= 
127' 
53 
30 
55 
73 
191.23 
665.31 
108.64 
32.18 
5.331 
7.908 
7.271 
10.259 
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Table 103. Changes in interregional flows and transportation costs in 
shipping sheat, feed grain, and soybeans from producing 
regions to consuming regions between Model V and Model I 
Producing Consuming Quantity Transportation cost 
region region shipped truck rail barge 
Water access 
point 
( thousand/tons ) (dollar per ton) 
30^  19 2.92 4.769 
30 76 2.92 4.916 
41 14 1.99 6.881 
51 12 12.67 6.686 
73 29 10.18 7.648 
87 35 61.15 4.265 
99^  13 17.54 11.598 
99 47 51.40 3.510 
101" 12 12.67 9.875 
101^  31 224.17 11.921 
135 43 49.36 8.062 
135 76 49.36 8.754 
139 71 160.80 9.647 
151 29 0.09 6.902 
3.454 
Feed grain (period 1) 
37 8 191.91 7.407 
37^  9 191.91 4.477 
39 11 2.81 8.186 
à 4^  5 234.19 11.671 
50^  18 185.41 
50^  55 1452.42 
51^  13 67.58 9.193 
52 
55^  
15 251.74 6.709 
16 128.00 9.818 
64 49 786.73 5.504 
68 18 186.09 9.415 
70^  8 793.03 12.148 
74^  ft 161.69 12.929 
74^  9 74.37 10.005 
75 33 161.49 6.592 
76 9 276.32 10.604 
77 39 159.02 6.709 
95 55 1467.02 9.078 
136* 64 54.17 3.324 
139a 64 162.04 7.778 
139 72 159.04 12.213 
6.297 
6.740 
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Table 103 (Continued) 
Producing Consuming Quantity Transportation cost Water access 
region region shipped truck rail barge point 
Feed grain (period 2) 
(thousand/tons) (dollar per ton) 
40 13 140.47 7.745 
41^  16 89.20 7.860 
42 23 52.42 5.533 
43^  13 550.70 8.455 
49 12 234.19 8.994 
52 16 86.76 8.462 
64^  20 798:28 6.558 
66^  62 50.25 13.220 
68 18 462.66 9.415 
72 17 473.08 13.727 
74 8 854.72 12.929 
74® 9 463.05 10.006 
74 49 421.16 9.171 
75 7 587.55 11.332 
75 9 161.92 10.808 
76 9 315.33 10.604 
136 72 54.17 12.755 
139 64 3.00 7.778 
151 19 543.88 9.881 
Soybeans (period 1) 
40 29 122.64 5.614 
47® 31 6.19 4.673 
48 27 28.04 6.751 
48® 28 149.29 5.866 
72® 30 12.83 5.616 
Soybeans (period 2) 
30 76 138.13 4.916 
33" 23 31.69 4.395 
47 31 6.19 4.673 
48 28 121.25 5.866 
73® 76 573.91 3.808 5.588 1 
89 28 15.21 8.540 
95® 30 650.93 5.616 
95 76 650.93 6.620 2.897 7 
96® 76 321.68 7.285 
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Table 104. Changes in interregional flows and transportation costs in 
shipping wheat, feed grain, and soybeans from producing 
regions to consuming regions between Model VI and Model I 
Producing Consuming Quantity Transportation cost 
region region shipped truck rail barge 
Water access 
point 
Wheat 
(thousand/tons) (dollar per ton) 
30^  19 2.29 4.769 
30 75 2.92 4.913 
41 14 13.72 6.881 
51 11 75.35 9.672 
51 12 12.57 5.686 
51^  26 89.04 5.680 
62 54 4.33 2.410 
73 29 10.18 7.648 
83^  32 12.75 7.980 
87 35 61.15 4.255 
82 47 136.74 6.031 
92® 76 378.44 7.382 
98® 14 13.72 9.938 
99® 13 17.54 11.598 
99 47 253.67 3.510 
99® 75 34.79 12.755 
101® 12 12.67 9.875 
101® 13 224.17 11.921 
101 55 785,04 8.109 
135 43 49.36 8.062 
135® 76 49.36 8.754 
151® 76 • 7.75 3.105 
!'eed grain (period 1) 
37 8 191.91 7.407 
37® 9 191.91 4.477 
39 11 2.81 8.186 
49® 5 234.19 11.671 
50® 18 185.41 
50® 55 1452.42 
51® 13 67.58 9.193 
52. 15 251.74 5.709 
55® 16 128.00 9.818 
64 
67® 
49 737.51 5.504 
19 12.62 9.160 
58 18 186.07 9.415 
74® 8 161.69 12.929 
3.454 
3.454 
4.540 
7 
5 
5.297 
5.740 
Dropped flows in Model VI, unmarked lines are the added flows in 
Model VI. 
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Table 104 (Continued) 
Producing Consuming Quantity Transportation cost Water access 
region region shipped truck rail barge point 
(thousand/tons) (dollar per ton) 
74^  9 74.37 10.005 
75 9 71.08 11.332 
86 9 276.32 10.604 
77 39 159.62 6.709 
84^  39 183.80 7.013 
95 55 1496.02 9.078 
136* 64 54.17 8.324 
139* 64 162.04 7.778 
139 72 159.04 12.213 
Feed grain (period 2) 
40 13 140.47 
41* 16 89.20 
42 23 52.42 
43* 31 550.70 
49 12 234.19 
52 16 86.76 
66* 62 50.25 
68 18 462.66 
72 17 473.08 
74* 7 616.16 
74* 9 463.05 
75 527.63 
75 9 161.92 
75* 76 1542.58 
76 9 315.33 
84* 39 25.01 
136 72 54.17 
139 64 3.00 
151 19 543.88 
7.734 
7.860 
5.533 
8.455 
8.994 
8.462 
13.220 
9.415 
13,728 
10.505 
10.006 
11.334 
10.810 
3.330 5.588 
10.604 
7.013 
12.755 
7.778 
9.881 
Soybeans (period 1) 
47^  31 6.19 4.673 
48 27 149.29 6.751 
48^  28 149.29 5.866 
72^  30 12.83 5.616 
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Table 104 (Continued) 
Produci  ^ Consuming Quantity Transportation cost Water access 
region region shipped truck rail barge point 
(thousand/tons) (dollar per ton) 
Soybeans (period 2) 
29 76 496.43 5.537 
30 76 138.13 4.916 
33^  23 31.69 4.395 
40 . 27 109.99 5.614 
47 31 ' 6.18 4.673 
76 634.56 3.454 3.194 8 
73 76 573.91 3.808 5.588 1 
76 27 15.55 7.738 
76 28 16.94 6.852 
87^  76 209.38 4.265 5.588 1 
89 28 119.52 8.540 
94 53 113.12 6.405 
94^  76 113.12 6.807 3.454 7 
95^  30 650.93 5.616 
95 75 650.93 5.802 3.974 7 
96^  76 321.68 7.285 
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Table 105. Changes in interregional flows and transportation costs in 
shipping wheat, feed grain, and soybeans from producing 
regions to consuming regions between Model VII and Model I 
Producing Consuming Quantity Transportation cost Water access 
region region shipped truck rail barge point 
(thousand/tons) (dollar per ton) 
30^  19 2.29 4.769 
30_ 76 2.29 5.115 
32 75 38.90 9.547 
32 76 38.90 2.688 3.035 9 
51 11 12.40 9.643 
51 12 12.67 6.956 
66^  29 14.27 7.412 
66 42 14.27 3.774 
73 29 10.18 7.775 
79 29 142.56 9.118 
79 33 35.27 6.517 
79 35 195.02 5.090 
80^  7 883.11 11.310 
81 7 883.11 12.175 
81" 8 205.75 14.786 
81^  29 128,30 9.951 
82 28 87.09 10.891 
82^  33 35,27 8.261 
82^  34 510.26 6.467 
87 35 61,15 4.585 
95 14 13.72 10.993 
14 13,72 9.938 
99 13 17.54 11.598 
101 12 12.67 9.875 
101^  13 224.17 11.921 
101 55 372.91 8.144 
112 77 86.18 8.051 
115 54 131.65 3.332 
129* 77 62.50 7.944 
131* 77 23.68 9.743 
135 43 49.36 8.182 
138 70 151.38 8.655 
Feed grain (period 1) 
36 12 154.59 4.578 
36* 75 46.93 7.977 
40* 13 376.75 7.745 
40 23 73.55 5.594 
41 75 351.35 8.759 
55* 16 128.00 9.818 
D^ropped flows in Model VII, unmarked lines are the added flows in 
Model VII, 
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Table 105 (Continued) 
Producing Consuming Quantity Transportation cost Water access 
region region shipped truck rail barge point 
(thousand/tons) (dollar per ton) 
67^  19 12.62 9.610 
68^  12 156.18 8.447 
72 17 287.28 13.191 
74^  9 74.37 10.005 
75 7 346.12 11.292 
75 9 75.76 10.822 
95 55 101.34 9.010 
136* 64 54.17 8.324 
139 62 162.04 7.778 
Feed grain (period 2) 
36 12 282.83 4.578 
39 75 393.69 9.188 
40 13 '458.69 7.827 
41^  15 262.14 6.102 
41* 16 89,20 7.860 
43^  13 550.70 8.455 
52 15 728.20 6.866 
52 16 178.41 8.444 
66^  62 50.25 13.220 
68* 12 285.72 8.447 
17 762.27 13.191 
I T  62 41.92 14.2S5 
74* 9 463.05 10.006 
75 9 471.70 10.822 
77 39 460.69 7.027 
84^  39 25.01 7.013 
88* 39 267.28 5.178 
136 72 54.17 12.564 
139 62 101.02 10.742 
151 19 334.48 9.709 
Soybeans (period 1) 
40 25 122.64 3.258 
40* 27 154.33 5.614 
47 27 6.19 7.653 
47* 31 6.19 4.673 
48* 28 149.29 5.866 
70* 31 446.48 4.770 
72 27 155.75 8.694 
72* 
72* 
28 203.69 7.780 
30 12.83 5.616 
Table 105 (Continued) 
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Producing Consuming Quantity Transportation cost Water access 
region region shipped truck rail barge point 
(thousand/tons) (dollar per ton) 
72 42 
95 76 
108 53 
108^  76 
Soybeans (period 2) 
« a 33 23 
48 76 
66 92 
70 76 
72 27 
72^  31 
72^  42 
73^  76 
87^  76 
89 28 
89 31 
19.43 
71.47 
1.56 
1.56 
31.69 
149.29 
180.10 
446.47 
76.75 
120.31 
160.68 
573.91 
209.38 
352.98 
165.91 
3.683 
3.794 
6.069 3.453 
7.541 
3.774 
3.221 
4.395 
2.193 
8.694 
5.830 
3.794 
3.808 
6.363 
8.598 
6.779 
4.528 
5.021 
5.588 
36 
3 
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Table 106. Changes in interregional flows and transportation costs in 
shipping sheat, feed grain, and soybeans from producing 
regions to consuming regions between Model VIII and 
Model I 
Producing Consuming Quantity Transportation cost Water access 
region region shipped truck rail barge point 
(thousand/tons) (dollar per ton) 
Wheat 
41 26 17.39 4.174 
41^  75 17.39 8.826 
51 8 14.06 9.903 
51 9 74.98 7.139 
51^  26 89.04 5.680 
56 19 26.73 4.629 
81 1 16.26 17.926 
81 2 7.00 16.942 
81^  8 205.75 14.786 
81 27 119.89 11.111 
81 33 35.27 7.409 
81 34 121.04 5.616 
82^  1 16.26 18.829 
82^  2 7.00 17.845 
82^  4 6.24 17.254 
82^  6 205.08 16.404 
82 10 184.47 15.512 
82^  33 35.27 8.261 
82^  34 510.26 6.467 
82 70 575.36 11.142 
85 31 136.12 8.483 
86 8 191.69 13.899 
86^  9 51.16 11.167 
86^  10 154.16 13.719 
86 27 36.01 10.235 
86 31 82.84 7.368 
88 6 56.39 14.372 
88^  10 56.39 13.477 
89^  9 23.82 10.383 
89 27 23.82 9.441 
92 42 • 140.83 6.405 
92^  76 378.44 7.382 
98 15 32.47 8.818 
99 13 4.09 11.598 
99^  19 58.76 8.611 
99^  50 17.94 6.516 
99^  75 34.79 12.756 
^Dropped flows in Model VIII, unmarked lines are the added flows in 
Model VIII. 
Table 106 (Continued) 
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Producing Consuming Quantity Transportation cost Water access 
region region shipped truck rail barge point 
(thousand/tons) (dollar per ton) 
101 = 10 336.46 13.118 
101 11 250.87 12.801 
101^  12 12.67 9.875 
101^  13 224.17 11.921 
101 26 274.92 8.525 
103 4 6.24 15.910 
103 10 58.56 14.074 
103 12 12.67 10.819 
105 50 17.94 5.491 
105 55 36.56 6.592 
112 77 25.58 8.005 
131^  54 
131 59 8.90 6.364 
133 62 1.99 9.663 
134^  54 15.99 8.504 
134 71 15.99 12.124 
135 43 49.36 8.062 
135^  76 49.36 8.754 
136 70 83.92 9.372 
137^  27 179.72 13.412 
137& 28 41.68 12.518 
137^  31 218.96 10.556 
137 70 256.40 9.750 
139* 71 ISO.SO 9.647 
141* 62 2.00 6.132 
142^  59 8.90 5.499 
142 73 42.77 6.806 
151 29 0.10 6.902 
Feed grain (period 1) 
40 13 414.25 7.745 
41 15 45.04 6.102 
43 13 30.24 8.455 
50 55 1095.22 6.740 
59 77 138.03 7.844 
52 76 1.18 8.462 
67* 19 12.62 9.160 
72 62 49.12 14.285 
77 39 159.62 6.709 
81* 64 180.87 12.065 
81 71 427.46 13.373 
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Table 105 (Continued) 
Producing Consuming Quantity Transportation cost Water access 
region region shipped truck rail barge poinc 
(thousand/tons) (dollar per ton) 
82 70 215.07 11.873 
83^  64 41.24 11.891 
84^  39 183.80 7.013 
93 72 185.38 13.327 
95 77 652.50 10.038 
136* 64 54.17 8.324 
138 64 354.60 7.443 
138 72 155.89 11.745 
Feed grain (period 2) 
41^  15 262.14 6.102 
41^  16 89.20 7.860 
42 23 52.42 5.533 
50 55 61.88 
50 77 250.74 
66* 62 50.25 13.220 
67 19 234.45 9.160 
72 62 92.34 14.285 
82* 64 215.07 10.968 
83 64 41.24 11.891 
84* 39 25.01 7.013 
95_ 63 1053.56 14.579 
95'" 77 254.82 10,038 
112 61 119.00 8.622 
136 64 54.17 8.324 
138. 64 41.40 7.443 
138* 72 662.59 11.745 
Soybeans (period 1) 
13* 76 4.89 6.654 
19* 76 275.35 5.444 
20* 75 131.94 
40 23 31.83 4.992 
40* 27 154.33 5.614 
47 31 6.19 4.673 
48 31 51.06 3.919 
52 23 8.71 5.547 
73 34 43.26 4.840 
75 28 254.75 6.852 
81* 34 
84 70 235.33 13.502 
Table 106 (Continued) 
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Producing Consuming Quantity Transportation cost I 
period period shipped truck rail barge 
(thousand/tons) (dollar per ton) 
85^  72 0.14 13.815 
87^  34 43.06 4.985 
89 70 447.69 13.957 
93^  72 53.29 13.276 
93^  76 9.96 6.502 3.454 
94 72 4.54 13.892 
127 72 48.88 13.334 
Soybeans (period 2) 
20 76 131.94 3.114 
21 76 55.59 4.234 
27^  76 197.02 3.860 
40^  23 69.62 4.992 
40 27 192.13 5.614 
47 31 6.19 4.673 
73 34 336.48 4.840 
73^  76 573.91 3.808 5.588 
76^  76 12.22 2.859 5.259 
81 70 0.21 12.251 
84 70 32.48 13.502 
85 70 0.14 14.221 
86 70 0.62 13.135 
87^  34 67.67 4.985 
87 70 320.10 13.703 
87^  76 209.38 4.265 5.588 
89^  30 448.30 6.363 
93 70 568.33 13.704 
93° 72 108.58 13.276 
94 72 108.58 13.892 
94^  76 113.12 6.807 3.454 
point 
1 
2 
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Table 107. Changes in interregional flows and transportation costs in 
shipping wheat from producing regions to consuming regions 
between Model IX and Model I 
Producing Consuming Quantity Transportation cost 
region region shipped truck rail barge 
Water access 
point 
(thousand/tons) (dollar per ton) 
Wheat 
32 
32^  
41 
41^  
51 
51 
51" 
56 
73 
81^  
81^  
81^  
81 
81 
82^  
82^  
82^  
82^  
11 
75 
26 
75 
8 
9 
26 
76 
29 
6 
8 
29 
33 
34 
1 
2 
4 
6 
38.90 
38.90 
17.39 
17.39 
14.06 
74.98 
89.04 
26.73 
10.18 
447.88 
205.75 
128.30 
35.27 
510.26 
16 .26  
7.00 
6.24 
205.08 
9.404 
9.547 
4.174 
8 .826  
9.903 
7.139 
5.680 
4.502 
7.648 
15.500 
14.786 
9.951 
7.409 
5.616 
18.829 
17.845 
17.254 
16.404 
82 
82^  
82 
83^  
83 
85 
85 
85 
85^  
86" 
86^  
86 
86 
87 
88 
33 
34 
70 
32 
70 
1 
31 
32 
43 
9 
10 
27 
31 
35 
2 
35.27 
510.26 
1134.98 
12.75 
321.07 
4.66 
14.94 
12.76 
67.23 
51.16 
154.16 
106.51 
204.02 
61.15 
7.00 
8.261 
6.467 
11.142 
7.980 
11.832 
18.189 
8.483 
7.638 
6.987 
11.167 
13.719 
10.235 
7.368 
4.265 
15.821 
D^ropped flows in Model IX, unmarked lines are the added flows in 
Model IX. 
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Table 107 (Continued) 
Producing Consuming Quantity Transportation cost Water access 
region region shipped truck rail barge point 
(thousand/tons) (dollar per ton) 
00
 
00
 
10 56.39 13.479 
88 27 49.39 9.999 
89® 9 23.82 10.383 
89 27 23.82 9.441 
92 1 11.60 18.474 
92 42 147.38 6.405 
92 43 67.23 7.264 
92® 76 378.44 7.382 
95 29 128.20 8.226 
95® 42 148.18 4.147 
98 15 2.21 8.818 
98 15 52.17 10.053 
99® 15 129.86 9.653 
99® 16 54.17 10.884 
99® 19 58.76 8.611 
99 26 221.57 8.207 
99® 50 17.94 6.516 
99® 75 34.79 12.756 
101 8 137.16 13.439 
101 10 395.01 13.118 
101® 11 250.87 12.801 
101® 12 12.67 9.875 
101® 13 224.17 11.921 
101 26 79.20 8.525 
102 15 126.95 9.931 
102 50 17.94 6.537 
102 75 196.30 12,974 
103 4 6.24 15.910 
103 5 652.96 15.099 
103 8 37.83 14.394 
103 11 211.97 13.751 
103 12 12.67 10.819 
103® 55 1694.60 8.705 
103 76 978.54 9.674 
105 17 8.56 10.249 
105® 55 118.99 6.592 
105 76 5.16 7.680 
112 77 28.03 8.005 
131® 54 17.19 6.848 
131 59 8.90 6.364 
131 73 2.45 10.881 
132 54 41.62 6.897 
133 62 2.00 9.663 
133 71 322.96 12.966 
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Table 107 (Continued) 
Producing Consuming Quantity Transportation cost Water access 
region region shipped truck rail barge point 
(thousand/tons) (dollar per ton) 
133 71 299.56 11.196 
134^  54 15.99 8.504 
134 71 375.26 12.124 
135 40 0.27 6.266 
135 70 49.36 12.282 
135^  76 49.36 8.754 
136 70 83.92 9.372 
136^  71 83.92 9.771 
137^  27 179.72 13.412 
137® 28 41.68 12.518 
137® 31 218.96 10.556 
137 70 941.09 9.750 
139® 71 160.80 9.647 
141® 62 2.00 6.132 
142® 59 8.90 5.499 
142 73 42.77 6.806 
142® 77 33.88 9.978 
145® 73 45.23 6.710 
151 29 0.10 6.902 
151® 76 7.75 3.105 
Feed grain (period 1) 
33 75 359.80 9.082 
40® 13 376.75 7.745 
41 16 307.50 7.860 
41 17 43.85 8.783 
43 13 443.59 8.455 
49® 5 234.19 11.671 
49 7 234.19 9.326 
50 77 780.09 7.844 
51® 13 67.58 9.193 
51 17 138.85 10.540 
51 19 575.38 7.340 
52 17 296.13 9.354 
64 49 524.16 5.504 
67® 19 12.62 9.160 
70 10 364.26 11.963 
72 62 49.12 14.285 
74 7 366.79 10.505 
74® 8 74.37 10.005 
74 33 158.53 6.632 
74® 33 161.49 6.592 
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Table 107 (Continued) 
Producing Consuming Quantity Transportation cost Water access 
region region shipped truck rail barge point 
(thonsand/tons) (dollar per ton) 
75 34 250.34 5.024 
79 34 82.41 5.215 
79 68 25.38 12.570 
79 69 100.74 13.636 
79 70 187.51 14.774 
80^  65 65.65 8.643 
80 70 1462.96 14.515 
81^  64 180.87 12.065 
81^  70 233.63 12.968 
81^  71 538.13 13.373 
82 70 382.73 11.873 
83^  64 41.24 11.891 
83 68 41.24 11.312 
84^ 39 183.80 7.013 
89 39 160.06 5.803 
90^ 45 21.83 5.679 
90 65 60.40 6,792 
93 64 472.63 8.771 
95 61 201.07 12.485 
95* 77 792.77 . 10.038 
136* 64 54.17 8.324 
136 70 36.96 9.695 
136 71 17.21 10.088 
138 71 355.55 S .852 
139* 64 162.04 7.778 
139 71 162.04 9.720 
152* 19 216.75 10.105 
feed grain (period 2) 
40 33 622.52 5.263 
41* 15 262.14 6.102 
41* 16 69.20 7 .860 
42 23 110.36 5.533 
50 77 250.74 7.844 
51 19 76.61 7.240 
66* 62 50.25 13.220 
67 19 39.35 9.160 
72 62 92.34 14.285 
74 33 259.35 6.632 
75* 33 301.89 6.592 
79* 34 835.58 5.215 
Table 107 (Continued) 
428 
Producing 
region 
Consuming 
region 
Quantity 
shipped 
Transportation cost w^ ter access 
truck rail barge point 
(thousand/tons) (dollar per ton) 
79 70 365.71 14.773 
80^  34 1354.25 5.246 
80^  65 43.05 8.643 
81^  71 303.51 13.373 
82^  64 215.07 10.968 
82^  68 66.72 9.709 
82^  69 100.95 10.760 
84^  39 25.01 7.013 
90 65 39.61 6.792 
93 64 125.23 8.771 
95 54 513.92 7.213 
95 72 417.81 14.028 
112^  61 95.15 8.622 
138 71 303.59 8.892 
138^  72 662.59 11.745 
Soybeans (period 1) 
13^  76 4.89 6.654 
19^  76 275.35 5.444 
20^  76 131.94 
22^  76 56.07 4.582 
25^  76 295.35 4.883 
27 15'1.33 5. 614 
47^  31 6.19 4.673 
48 27 107.32 6.751 
52 23 40.54 5.547 
65 30 1401.96 4.320 
72 31 120.73 5.830 
72 42 20.03 3.794 
73 70 16.15 14.873 
76 28 85.97 6.852 
76 34 17.89 3 = 787 
78 34 25.37 3.766 
79 70 60.24 13.745 
80 70 30.39 13.799 
81^  34 0.21 5.616 
85^  72 0.14 13.815 
87^  34 43.06 4.985 
88 70 0.05 14.064 
89 70 40.33 13.957 
90 70 798.82 13.972 
Table 107 (Continued) 
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Producing Consuming Quantity Transportation , cost 
region region shipped truck rail barge 
(thousand/tons) (dollar per ton) 
93: 72 53.29 13.726 
93 76 6.502 3.454 
94 70 764.06 14.738 
99 53 35.44 4.386 
104 72 53.37 13.854 
114 76 144.44 9.266 
127 72 0.06 13.334 
Soybeans (period 2) 
13 76 4.89 6.654 
19 76 275.35 15.444 
20 76 131,94 3.114 
21 76 341.52 4.234 
22 76 56.07 4.582 
25 76 295.35 4.883 
36= 27 50.26 4.558 
40 27 223.96 5.614 
47 31 6.19 4.673 
65 30 21.00 4.320 
72= 31 120.73 5.830 
72 42 79.40 3.794 
73 34 232.78 4.240 
73° 76 573.79 2.516 5.588 
76 34 225.50 3.787 
76® 76 12.22 2.859 5.259 
79= 
80" 
34 60.24 4.507 
34 30.39 4.673 
81 70 0.20 12.251 
84= 34 299.99 4.694 
85 70 0.14 14.221 
86 70 0.62 13.135 
87= 34 67.67 4.985 
87 70 320.10 13.703 
87= 76 209.38 4.258 5.588 
89^  30 448.30 6.363 
89 70 1115.31 13.957 
90= 76 798.82 5.893 3.454 
93 70 568.33 . 13.704 
93^  72 108.58 13.276 
94= 76 113.12 6.809 3.454 
95= 30 650.93 5.616 
127= 55 108.64 7.271 
127 72 108.58 13.334 
point 
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Table 108. Changes in interregional flows and transportation costs in 
shipping wheat, feed grain, and soybeans from producing 
regions to consuming regions between Model X and Model I 
Producing Consuming Quantity Transportation cost water access 
region region shipped truck rail barge point 
(thousand/tons) (dollar per ton) 
Wheat 
14 13 28.78 5.310 
14 75 94.37 6.934 
15 75 56.28 5.491 
17 11 22.92 4.751 
19 11 255.97 7.750 
19 13 10.36 6.426 
19 17 16.60 4.201 
19 19 110.60 3.947 
20^  17 8.03 
24 75 146.47 6.921 
27^  19 5.33 3.586 
27 76 90.87 3.860 
28 75 35.74 7.836 
29^  75 63.82 8.518 
29 76 63.82 
30® 19 2.92 4.769 
30 76 2.92 4.916 
32® 75 38.90 9.549 
32 76 21.50 2.688 
26 .^ 17*1 
41® 75 17.39 8.826 
47 9 19.10 8.465 
47 27 117.54 7.512 
48 27 18.19 6.751 
49 27 0.50 6.891 
52® 11 40.56 8.680 
52 12 12.67 6.353 
52 26 27.89 5.011 
57 76 • oo 2 476 
58 76 30.63 4.812 
59 76 65.68 5.373 
61 76 2.60 6.034 
62 54 28.80 2.410 
73 29 10.18 7.648 
79 34 685.55 4.507 
81 1 16.26 17.926 
81 2 7.00 16.942 
5.154 
5.537 
3.035 
D^ropped flows in Model X, unmarked lines are the added flows in 
Model X. 
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Table 108 (Continued) 
Producing Consuming Quantity Transportation cost Water access 
region region shipped truck rail barge point 
(thousand/tons ) (dollar per ton) 
81 4 6.24 16.351 
81 33 35.29 7.409 
81 34 229.14 5.616 
82^  1 16.26 18.829 
82^  2 7.00 17.845 
82^  4 6.24 17.254 
82^  6 205.08 16.404 
82^  10 184.47 15.512 
82^  33 35.27 8.261 
82 70 257.29 11.142 
82 71 673.21 11.541 
83^  32 12.75 7.980 
85 31 258.13 8.483 
86 8 346.22 13.899 00 
75 105 14.110 
87 35 61.15 4.265 
91^  43 24.21 7.340 
91 76 270.72 8.144 3.454 7 
92^  13 166.51 13.763 
92^  22 106.66 9.321 
92^  23 469.87 10.913 
95 28 107.69 8.426 
95 48 19.91 5.803 
^ A 
ro XI U.U • / 6 
98^  19 74.56 7.776 
98 76 162.40 8.171 
99a 13 17.54 11.598 
99^  15 129=86 9.653 
99^  16 54.17 10.884 
99^  19 58.76 8.611 
99^  50 17.94 6.516 
99^  75 34.79 12.756 
101 11 250.87 12.801 
101® 12 12.67 9.875 
101® 13 224.17 11.721 
101 55 459.42 8.109 
103* 76 346.78 9.674 
105® 17 8.56 10.249 
112® 54 284.38 5.110 
116 55 23.68 4.784 
129® 77 62.50 7.944 
131® 54 17.19 6.848 
. 131* 77 23.68 9.743 
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Table 108 (Continued) 
Producing Consuming Quantity Transportation cost Water access 
region region shipped truck rail barge point 
(thousand/tons) (dollar per ton) 
133 54 290.36 8.185 
133 55 1245.41 10.249 
137^  27 179.72 13.412 
137^  28 41.68 12.518 
137^  31 218.96 10.556 
139* 71 160.80 9.647 
141* 62 2.00 6.132 
142 55 23.48 10.907 
142 62 1.99 7.088 
145* 73 45.23 6.710 
151* 76 3.105 
;ed grain (period 1) 
36 12 154.59 4.125 
37 8 426.26 7.407 
38 9 268.09 4.597 
39 11 548.29 8.186 
40* 13 376.75 7.745 
41 15 247.02 6.102 
50* 55 1452.42 
51* 13 67.58 9.193 
51* 15 
51 19 95.15 7.340 
52 15 139.71 6.709 
52* 16 1.18 8.462 
52* 17 478.15 9.354 
55 19 63.32 7.727 
63 
67* 
19 27.02 7.076 
19 12.62 9.160 
68* 12 156.18 8.447 
68* 20 164.35 8.586 
70* 5 259.34 12.087 
70* 8 793.03 12.148 
72* 11 49.12 12.854 
72 19 746.43 10.506 
74 5 493.89 12.878 
74* 8 161.69 12.929 
74* 9 74.37 10.005 
75 34 78.16 5.024 
79* 34 347.63 5.215 
80* 65 65.65 8.643 
81* 64 180.87 12.065 
82 70 23.11 11.873 
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Table 108 (Continued) 
Producing Consuming Quantity Transportation cost Water access 
region region shipped truck rail barge point 
(thousand/tons) (dollar per ton) 
83 39 187.49 7.540 
84^  39 183.80 7.013 
90^  45 21.83 5.679 
95 17 491.92 12.298 
95^  54 573.65 7,213 
95 55 629.48 9.078 
95^  63 95.89 6.098 
102 54 614.40 5.357 
104 62 50.88 10.584 
116 55 192.68 5.494 
136^  64 54.17 8.324 
136 72 113.01 12.755 
138 71 293.47 8.892 
139^  64 152.04 7.778 
139 72 166.67 12.213 
151 19 733.45 9.881 
152^  19 216.75 10.105 
Feed grain (period 2) 
36 12 282.83 4.125 
37 9 296.99 4.477 
38 9 166.76 4.597 
oo 11 537.56 8-186 
40^  23 807.20 5.263 
41® 16 89.20 7.860 
42 23 1018.97 5.533 
43® 13 550.70 8.455 
52® 17 751.21 9.354 
66® 52 50.25 13.220 
67® 19 221.82 9.160 
68® 12 285.72 8.447 
58® 20 91-13 _ 31 S. 536 
68® 21 7.19 2.429 
72® 11 871.07 12.854 
72® 62 41.92 14.285 
74 5 448.73 12.878 
74® 9 463.05 10.006 
80® 65 43.05 8.743 
82® 64 215.07 10.968 
82® 68 66.72 9.709 
82® 69 100.95 10.760 
83 39 221.45 7.540 
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Table 108 (Continued) 
Producing Consuming Quantity Transportation cost Water accent 
region region shipped truck rail barge point 
(thousand/tons) (dollar per ton) 
90 63 418.23 6.684 
95 17 • 772.84 12.298 
95 19 585.75 9.224 
95= 52 200.19 5.828 
95® 53 80.70 5.456 
95® 61 704.89 12.485 
102 52 308.77 3.994 
104 62 95.65 10.584 
151 18 350.66 3.491 
152 19 1644.02 10.105 
Soybeans (period 1) 
1 27 0.93 5.193 
10 75 332.30 3.539 
11 11 45.91 4.853 
15 10 54.93 6.378 
15 23 7.75 4.468 
15 76 183.45 7.502 
17 76 280.27 7.021 
24 76 344.93 6.072 
26® 23 58.30 3.780 
26 76 63.32 5.671 
33 76 409.bb 6. 747 
40 25 117.22 3.258 
46® 28 234.99 3.788 
47® 31 6.19 4.673 
48® 28 149.29 5.856 
67 30 188.14 4.299 
70® 31 446.48 4.770 
72 31 647.03 5.830 
72® 42 19.43 3.794 
73® 30 383.03 5.802 
79 34 58.68 4.507 
87 34 43.06 4.985 
93 72 53.29 13.296 
99 . 76 227.49 5.436 
101 76 24.16 5.740 
106® 53 0.60 3.614 
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Table 108 (Continued) 
Producing Consuming Quantity Transportation cost Water access 
region region shipped truck rail barge point 
(thousand/tons) (dollar per ton) 
Soybeans (period 2) 
7 75 296.80 3.198 
15^  8 34.32 7.093 
17^  10 79.40 6.363 
17^  11 16.25 4.750 
17^  23 184.62 4.167 
33^  23 31.69 4.395 
35^  23 5.88 4.141 
40^  23 69.62 4.992 
47 31 337.38 4.673 
48 28 157.79 5.866 
68 76 2.89 2.097 4.640 5 
70 31 17.86 4.770 
70 71 29.94 3.221 5.020 3 
72 28 26.99 7.780 
72 31 14.44 5.830 
72^  42 160.68 3.794 
73 76 956.94 3.808 5.588 1 
74 31 64.31 5.276 
76 76 329.37 2.859 5.588 1 
84 76 152.47 4.424 5.588 1 
85 72 107.64 13,814 
86 76 238.84 4.965 5.588 1 
87* 34 67.69 4.985 
99 53 68.14 4,383 
101* 53 7.59 4.736 
103* 53 191.23 5.331 
aiî 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
2/1 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
436 
Projected production requirements of wheat, feed grain, and 
soybeans in each producing region in Model I, 1980 
Wheat Feed Grain Soybean 
(thousand tons of feed unit) 
113.9 297.5 1.8 
306.4 1424.1 37.1 
23.4 376.9 400.4 
34.4 187.3 154.2 
29.0 107.5 165.4 
7.0 92.8 102.8 
22.5 192.4 358.0 
21.8 73.9 17.7 
20.7 74.8 17.8 
39.1 533.9 1020.1 
2.7 88.3 233.7 
3.1 37.8 100.6 
0.6 59.8 7.1 
31.6 1067.9 1444.0 
31.7 165.6 855.4 
13.3 43.8 36.1 
6.9 29.6 287.2 
0.3 4.9 69.2 
22.5 215.2 437 .0 
25.5 42.8 142.6 
0 170.9 448.4 
6.3 35.8 110.9 
0.3 10.4 1.4 
7.5 53.4 àO - s 
19.2 162.3 797.0 
0.6 9.3 68.9 
7.8 105.4 1550.0 
32.1 170.0 156.0 
49.9 153.3 662.6 
3.0 10.8 174.8 
64.5 25.9 1202.0 
221.6 228.2 1047.0 
72.0 275.8 72.-3 
18.2 65.5 157.2 
13.8 93.7 6.4 
45.8 255.5 73.2 
29.2 158.7 3.5 
140.2 544.1 330.9 
3394.2 1591.1 
52.4 442.0 477.0 
14.8 171.3 174.1 
119.3 997.4 585.7 
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Table 109 (Continued) 
Producing wheat Feed Grain Soybean 
region 
(thousand tons of feed unit) 
43 332.2 
44 88.4 
45 205.1 
46 320.3 
47 3.5 
48 24.6 
49 0.5 
50 72.1 
51 228.2 
52 86.1 
53 194.6 
54 214.3 
55 133.9 
56 71.5 
57 15.2 
58 0.1 
59 1.7 
60 125.9 
61 20.6 
62 4.2 
63 136.1 
64 247.0 
65 333.8 
66 13.1 
67 5.6 
68 5.4 
69 1.2 
70 1.5 
71 0.8 
72 1.4 
73 8.6 
74 22.9 
75 22.1 
76 1.9 
77 112.9 
78 49.8 
79 642.9 
80 1044.8 
81 3663.6 
82 1363.3 
83 1323.2 
.84 182.6 
85 482.2 
4229.0 2334.9 
707.9 620.7 
791.3 759.0 
1106.4 922.4 
503.9 9.3 
2160.3 159.5 
605.1 4.3 
5439.5 1199.8 
4823.5 2104.7 
520.6 230.1 
768.3 962.9 
693.2 741.6 
1181.6 579.1 
24.6 1441.3 
101.2 1261.0 
3.3 100.0 
12.5 159.6 
134.8 2792.9 
16.5 415.0 
2.6 33.2 
325.6 471.6 
454.4 313.6 
2507=7 2841.4 
1888.8 467.5 
1504.4 721.4 
1778.4 282.9 
1965.5 458.9 
2447.0 575.1 
753.7 348.8 
2254.4 479.0 
1950.8 1190.9 
1396.9 733.8 
1714.7 539.8 
387.0 388.8 
2297.1 963.3 
576.4 45.5 
1079.0 102.4 
1149.8 58.5 
2973.5 0,5 
431.7 
723.3 
433.4 507.8 
279.4 0.3 
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Table 109 (Continued) 
Producing wheat Feed Grain Soybean 
region 
(thousand tons of feed unit) 
86 717.8 1028.6 1.5 
87 81.3 621.6 542.6 
88 121.9 285.9 0.1 
89 30.2 1767.4 1500.1 
90 59.5 2904.1 847.6 
91 84.1 39.1 
92 1083.3 283.1 
93 127.6 1137.1 522.1 
94 404.3 634.5 856.3 
95 528.0 3253.3 718.1 
96 129.4 874.7 372.8 
97 164.6 485.4 474.3 
98 269.7 304.3 176.8 
99 261.6 517.5 51.3 
100 711.5 734.6 13.7 
101 843.2 463.7 16.1 
102 1990.2 458.0 34.7 
103 2975.2 1034.1 2073.2 
104 1462.3 1292.1 947.2 
105 115.5 122.8 52.6 
106 11947.9 512.7 1.4 
107 1462.3 340.0 
] 08 202.1 66.7 2.6 
109 32.6 33.3 109.0 
110 21.9 17.2 82.0 
111 791.0 215.5 1017.5 
112 1033.3 2206.8 343.3 
113 941.6 495.3 
114 82.0 1174.5 1036.5 
115 181.5 53.6 254.2 
116 35.8 134.0 
117 238.8 1380.3 1017.3 
118 26.0 81.3 137.6 
119 58.6 570.2 
120 0.4 0.1 
121 1.5 
122 25.0 117.6 
123 198.9 
124 40.3 1487.6 
125 523.4 
126 6.8 124.7 
127 32.4 
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Table 109 (Continued) 
Producing wheat Feed Grain Soybean 
region 
(thousand tons of feed unit) 
128 0.6 19.3 
129 97.5 186.2 
130 1.3 27.4 
131 68.7 89.7 
132 70.4 161.7 
133 1317.3 217.6 
134 421.7 353.5 
135 162.9 71.1 
136 122.3 73.9 
137 2878.0 1279.3 
138 1371.5 659.3 
139 238.1 143.2 
140 633.8 523.1 
141 102.9 69.4 
142 43.9 242.6 
143 22.8 79.3 
144 144.1 502.7 
145 104.5 165.8 
146 246.8 116.8 
147 764.5 236.2 
148 1061.6 202.2 
149 1336.2 77.3 
150 261.8 43.4 
151 1.4 1175.5 
152 1.5 1621.0 
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Table 110. Changes in the projected production requirements of wheat, 
feed grain and soybeans in each producing region between 
Model I and Models II through X in 1980 
Producing 
region Wheat Feed Grain Soybeans 
Model II 
(thousand tons of feed unit) 
38 
65 
79 
99 
103 
122 
402.9 
430.3 
2643.0 
2438.6 
1242.8 
97.5 
102.9 
2405.4 
Model III 
14 
36 
38 
53 
65 
79 
81 
102 
103 
114 
51.9 
75.3 
413,1 
2641.9 
830.2 
2428.4 
1262.2 
1290.3 
473.8 
1553.8 
483.0 
901.0 
2406.5 
657.1 
T\7  
6 
14 
36 
38 
53 
65 
78 
na 
81 
99 
103 
109 
114 
51.9 
75.3 
362.5 
430.3 
2641.9 
131.7 
805.8 
2470.0 
1252.2 
1906.7 
58.3 
1715.5 
64.0 
483.0 
925.4 
271.8 
2406.5 
495.4 
Model V 
38 
53 
65 
103 
390.8 
2892.6 
830.2 
2450.7 
335.2 
90.10 
2155.8 
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Table 110 (Continued) 
Producing 
region Wheat Feed Grain Soybeans 
Model VI 
38 
53 
65 
99 
103 
Model VII 
38 
65 
79 
103 
Model VIII 
36 
38 
53 
65 
71 
79 
102 
103 
Model IX 
390.8 
430.3 
2660.6 
432.4 
2832.2 
75.3 
432.4 
1.4 
1374.4 
2821.3 
(thousand tons of feed unit) 
830.2 
2450.9 
2409.1 
1298.2 
830.2 
2409.1 
1148.7 
176.0 
90.10 
2387.8 
232.7 
2216.2  
286.9 
901.0 
2227.2 
3 
38 
65 
67 
71 
79 
101 
103 
122 
38.5 
432.4 
2811.7 
361.7 
2409.1 
1418.1 
1832.0 
265.0 
97.5 
125.0 
807.7 
2236.5 
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Table 110 (Continued) 
Producing 
region Wheat Feed Grain Soybeans 
Model X 
(thousand tons of feed unit) 
1 
2 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
2 2  
23 
7A 
25 
26 
27 
28 
31 
33 
34 
35 
36 
37 
38 
39 
45 
47 
48 
56 
57 
58 
187.0 
48.0 
75.0 
95.0 
70.0 
10.0 
5.0 
194.0 
102.0  
114.0 
21.0  
431.0 
1 6 . 0  
125-0 
40.0 
52.0 
133.0 
584.0 
42.0 
121.0 
25.0 
6 8 . 0  
141.0 
552.0 
125.0 
201.0 
15.0 
124.0 
30.0 
36.0 
513.0 
1808.0 
136.0 
132.0 
280.0 
127.0 
896.0 
198.0 
65.0 
1074.0 
46.0 
242.0 
69.0 
90.0 
338-0 
267.0 
120.0 
301.0 
386.0 
346.0 
821.0  
308.0 
189.0 
411.0 
64.0 
175.0 
225.0 
6 6 . 0  
173.0 
166.0  
8 6 . 0  
509,0 
623.0 
571.0 
210.0 
205.0. 
1938.0 
839.0 
509.0 
179.0 
59 
60 
61 
62 
63 
64 
65 
67 
72 
78 
79 
82 
83 
84 
85 
86 
88 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 
101 
102 
103 
104 
105 
107 
108 
109 
110 
111 
112 
113 
114 
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(Continued) 
Wheat Feed Grain Soybeans 
(thousand tons of feed unit) 
119.0 - 375.0 
218.0 183.0 
46.0 83.0 
2 8 . 0  -  68.0 
471.0 
273.0 1414.0 566.0 
263.0 2579.0 
1110.0 1116.0 
1371.0 1372.0 
311.0 418.0 729.0 
855.0 
2065.0 26,0 
2366.0 1626.0 -
1024.0 - 394.0 
1233.0 531.0 1764.0 
230,0 204.0 435.0 
2094,0 
338,0 
1180.0 364,0 
100,0 - 539,0 
333.0 401,0 253,0 
628.0 596,0 
806.0 881,0 79.0 
905,0 510.0 
1846,0 602.0 
2642.0 591.0 2850.0 
353.0 17.0 
1560.0 683,0 
229.0 - 231.0 
51.0 47.0 
65.0 
1202.0 
521.0 
961.0 1686,0 
50.0 - 1215.0 
208,0  
58.0 63.0 
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Table 110 (Continued) 
Producing wheat Feed Grain Soybeans 
region 
(thousand tons of feed unit) 
119 - 507.0 
123 - 653.0 
125 - 749.0 
128 - 33.0 
129 133.0 339.0 
130 - 189.0 
131 113.0 
